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PREFACE

The importance of multilayer printed circuit boards to the electronics
industry is at long last becoming more widely recognised, and this
internationally multi-authored book is an attempt to offer in one volume
authoritative advice on the design, manufacture and use of these vital and
often expensive components.

Whilst all chapters of the book are written primarily about multilayer
boards, it must be borne in mind that double-sided and non-plated boards
are merely multilayer boards reduced to their simplest possible form, and
most of the chapters concerned with board manufacture are equally
applicable to all simpler types of boards. This book, however, differs from
all others so far published on printed circuit boards in general in that,
whereas the information offered in other books may sometimes cover
multilayer boards, it is usually aimed at the simpler types of boards or at
general problems of board assembly, and often does not emphasise the
particular requirements of the more sophisticated types. Throughout, this
work offers information on the most complex types, and it confines its terms
of reference to the design and manufacture of multilayer boards, mentioning
only essential differences between multilayer and non-plated boards in
subjects such as assembly, which are well covered elsewhere in the literature.

All the individual authors have been selected as being widely recognised
as leading authorities in their particular fields, and many are familiar as
speakers at international conferences and symposia. Some of the authors
express slightly differing views of aspects of multilayer technology, and
some chapters may duplic: areas covered in other chapters. In places,
there may be what appear to be disagreements or contradictions. These are
not accidental, nor do they indicate any errors by any of the authors. They
are different views of the same subject, and they serve to highlight the fac
that good design and good manufacture may be in direct conflict with
requirements for the best electrical, mechanical or thermal performance
Every equipment designer must set his own standards and adopt those
compromises which best suit the requirements of the particular equipment
being designed

Editing of the authors’ texts has been confined to the minimum necessary
to present a reasonably unified overall style. Generally, dimensions have
been left in the units chosen by the authos ome metric, some Imperial,
and some dual. In certain cases, where dual dimensions are quoted, the
metric figures are not exact conversions of the Imperial values, but are those
approximations which a designer thinking in one of the tems would
naturally use.




Preface

In offering this book to the industry, thanks must be expressed to all the
authors who have collaborated in its compilation, and who have dealt so
patiently with the many queries which have arisen. I hope that the efforts of
all concerned will prove to be of value to the electronics industry as a whole
and that this book will help to answer at least some of the many queries
which arise over. multilayer boards. i

June, 1984
John A. Scarlett, F.Inst.C.T
Galashiels
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Chapter 1

NTRODUCTION

J. A. SCARLETT
STC Exacta Ltd., Selkirk, Scotland

1.1,1 Printed Circuit Boards

Printed circuit boards (PCBs) are key components in almost all electronic
assemblies. Their basic concept is simple enough. A pattern of metal tracks
which serve to interconnect the components is bonded onto an insulated
plastic substrate which provides mechanical support for the components.
When the density of the interconnect is such that all the tracks required
cannot be fitted onto one side of the plastic substrate, the second side can
also be used. When the tracking on two sides becomes inadequate, a
multilayer structure of alternating layers of plastic and patterned metal
tracking is used. Components can be mounted with their leads through
holes in the board and their leads soldered to pads around the holes on the
interconnect tracking or they can be re-flow soldered to pads on the surface.

The functions of a board can be summari:

1 To provide a mechanical support for the components;
2 To provide an electrical interconnect for the components;
3 To provide a safe working environment for the components.

All of these can be provided in other ways, but only a printed circuit board
can offer the user the advantages of:

(i) predictability of electrical performance;

(ii) repeatability of manufacture (if all the interconnections are right on
the prototype, they will be right on all boards that are properly
made);

(iii) reliability;

(iv) low volume;

(v) light weight;

(vi) ease of replacement in field servicing (most boards carry some form
of plug which can be inserted into a socket on the frame of the
equipment);

(vii) ability to carry a printed legend to aid assembly and field servicing;
(viii) ease with which modifications can be made;
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(ix) low unit cost compared with other possibilities;
(x) ease of cooling;

(xi) ability to use mass jointing techniques;

(xii) ability to carry a thermal conducting path

=

1.1.2 History

Like so many everyday items, the multilayer board as it is widely used
today was not invented all at once. A number of different developments,
processes and materials have been involved, and in a brief account such as
this only a few of the main developments can be mentioned Apologies are
offered to any readers who feel they have made a major contribution which
has been ignored.

The first practical printed circuit boards, which were double-sided, are
usually considered to have been those made by Dr Paul Eisler of Pye Ltd in
1942, patented on February 2nd, 1943. The widespread adoption of this
new technology was delayed by the lack of really suitable materials, and it
was not until the 1950s that boards made by etching copper foil bonded to a
glass reinforced epoxide resin substrate were widely used.

The effective use of double-sided boards required an efficient means of
making an electrical connection through the board at a point where no
component lead is to be mounted (a via hole). Work on this continued
through the later 1950s.

Meanwhile, the advent of the transistor as a replacement for the
thermionic valve began to tax the capabilities of the PCB as an
interconnect. The smaller size and lower dissipation of the transistor made
it possible to reduce the overall size of equipments by more than an order of
!nagni(ude, and most or all of the components could be mounted on boards
instead of, in the case of larger, heavier components and sockets for valves,
on a metal chassis. By the late 1950s electronics engineers were finding that
the two outer faces of a board were inadequate to carry the necessary track
patterns.

The main problem which delayed the universal adoption of multilayer
boards was the difficulty of making a reliable interconnection to the buried
tracking on the inner layers. Four possibilities were:

(i) access holes
(i) plated pillars
(iil) metal stakes
(iv) plating through the holes (see Section 1.2).

Multilayer technology as it is known today can really be said to date from
the 1961 patent by Hazeltyne in the USA of the seeded plated-through hole
in a multilayer structure.

Erogress in the development of electroless plating solutions was fairly
rapid, and by the mid 1960s the bonded multilayer board with through-
Pla(ed holes was firmly established as the preferred medium for high density
interconnections. By the end of the decade most of the variants in present-
day use had b_een adopted, and the developments throughout the 1970s have
been mainly in production techniques and materials. Sizes of boards used

14
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have increased steadily and feature sizes have been reduced to enable very
high packing densities to be achieved.

1.1.3  The Electrical Importance of Multilayer Boards

When printed circuit boards first came into use the operating speeds of
electronic equipment were low, and the performance of any digital system
was governed by the switching speed of the valves or transistors used.
Delays in a few decimetres of wire or tracking could be ignored. The
development of planar silicon transistors and then of integrated circuits
altered this situation. With dev capable of changing their output state in
less than a nanosecond, the effects of a few centimetres of track can be
critical and, instead of being merely an interconnect with no electrical
significance other than its current carrying capacity and voltage breakdown
capability, the PCB became a component whose electrical properties of
inductance, capacitance and line impedance had to be considered along with
the properties of the semiconductor devices used.

Kolias of IBM has suggested that, for a rise time of 1 nanosecond, only
lines shorter than 0:0033 in. (under 01 mm) can be regarded as purely
resistive; up to 1-67 in. (42-4 mm), the lumped characteristics may be used,
but beyond this length the characteristic impedance of the line must be
considered.

With densely packed boards and relatively low line impedances, cross-
talk and the effects of ring and line surge currents have to be considered
very carefully in the design of any PCB for a digital system. When the
importance of the interconnect is considered, it is apparent that the shorter
the tracks can be kept for a given type of interconnect, the lower will be the
chance of electrical malfunction. Conversely, the lower the packing density,
the higher the probability of malfunction (Figure 1.1). It must be noted that
this single line graph is valid only for any one specific type of interconnect
Higher packing densities achieved by changing the nature of the
interconnect, such as by replacing double-sided boards with multilayers,
may introduce discontinuities into the curve as the electrical properties will
be different. A gain in packing density achieved by the use of a different
style of interconnect may be more than offset by increased signal delays in
the denser packing style (see Chapter 23).

1.1.4 Costs and Applications
1.1.4.1 COSTS OF BOARDS

Printed circuit boards, including multilayers and flexi-rigids, usually
provide the most cost-effective method for mounting and interconnecting
components, but this does not necessarily mean that they are cheap. The
simpler single-sided boards in which all holes can be punched and the
profile formed with a single press tool can cost only tens of pence each in
quantity, but double-sided boards with through-plated holes and gold
plated edge connector fingers may cost several pounds, running up to over a
hundred pounds each for small quantities of larger, more densely packed
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Fig. 1.

Probability of electrical malfunction against packing density for any one
given style of packaging.
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Fig. 1.2 Printed circuit board costs against packing density for single-sided,
double-sided, multilayer and flexi-rigid
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Fig. 1.3 Typical working zone available to a board designer, over which cost and
functionality must be balanced
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boards. Even in large quantities a board can cost almost as much as the total
cost of the components it carries.

Multilayer boards cost significantly more than double-sided boards of
comparable size and complexity. Obviously, costs will vary depending on
the size and nature of the boards concerned and the quantities involved, but
as a very rough guide it can be taken that a four layer board could cost
somewhere between half as much again as a comparable double-sided board
to two and a half times as much. The use of six layers raises these figures to
two and a half up to three and a half times as much as a double-sided, with
comparative costs rising as further layers are added. The use of flexi-rigid or
other more specialised types such as those described in Section 1.2.5
onwards raises these cost ratios significantly, some of the more complex
types of multilayers costing several hundreds of pounds in production
quantities.

It cannot be over-emphasised that these comparative costs are only rough
guidelines and that more accurate quotations should be obtained before any
detailed design work commences.

Whenever board costs are being considered, the costs of design, the
generation of film work, and other tooling costs must not be overlooked.
Design and film costs for a complex multilayer or flexi-rigid may amount to
thousands of pounds, and when only small quantities will be required the
influence of these costs will be considerable. In the Author’s experience, a
break-even with other possible interconnection methods usually occurs
when approximately four boards have been made, but it has been shown
that the superior, predictable and controllable electrical properties of
multilayer boards can make their use justifiable, even with all the design
costs, for a single system.

1.1.4.2  COSTS OF ALTERNATIVES TO BOARDS

With unit costs for large, complex multilayer boards running into
hundreds of pounds, plus design and film costs, such boards may seem
expensive, but only until the true costs of other possible options are
considered. At the smaller end of the size range, epoxy-glass based
multilayer PCBs may be in competition with multilayer ceramic substrates
for hybrid assemblies, but in general the choice of substrate will depend on
the physical properties of the materials rather than on the costs, which tend
to favour the epoxy-glass laminates. With larger multilayer boards the usual
alternative is some form of discrete wiring or cable harnesses. First,
consideration must be given to the provision of some form of mechanical
support for the components or sockets likely to be carried by a multilayer
board. On back wiring panels for rack mounted systems the cost of
providing an accurate, secure mounting for all the connectors is likely to
approach that of a simple PCB, whilst for plug-in units the provision of an
alternative component mounting in any form other than an untracked
board could exceed the costs of a simple board.

All the costs of making and verifying the complex interconnect must then
be considered. On a multilayer board there may be two or three thousand
points to be interconnected. If a board is not used, each of these points must
have a durable, reliable connection made to it, verified, and repaired or
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replaced if necessary, at a cost per connection of only two or three pence.
Wires must be cut to length, terminated, and dressed into channels or tied
into bundles. All this can be automated, but the equipment required is
expensive and often its inflexibility imposes limitations on future
generations of the basic product.

These obvious direct comparisons consider only a part of the true savings
realisable by the use of multilayer boards.

A board contains the interconnect, usually within the volume which
would be occupied by any other purely mechanical form of mounting for
the components. The use of a board permits mass soldering techniques to be
employed, usually with gains in joint reliability of an order of magnitude or
more as well as a substantial cost saving. One major advantage of a
multilayer or double-sided board is that the electrical properties of the
interconnect can be predicted and controlled at the design stage, and will be
substantially the same for all units made. The improvements in
performance and the reduction in development times made possible by the
use of boards may be considered more than adequate justification for their
cost, even if an alternative discrete wiring interconnect were available at
Zero cost

Flexi-rigid boards offer the benefits of the elimination of connections,
either plugs and sockets or wires on pins or in holes, This economises on
materials and labour, but of even greater significance it gives appreciable
increases in overall system reliability coupled with reductions in size and
weight which may be difficult to achieve by any other means.

1.1.4.3  CHOICE OF BOARD TYPE

For any given style of board, such as single-sided, double-sided with
through-plated holes, conventional multilayer, or flexi-rigid, there will be a
range of packing densities beyond which the cost per unit.area of a board
will not be significantly affected by the density. Then, as the number of
holes increases and track and gap widths decrease, the costs begin to rise
more steeply with increased packing density until a cut-off point is reached
at the current limit of the technology (see Figure 1.2).

‘When a new system is being designed, such a graph of costs for the
various possible styles of interconnect can be combined with a graph of the
probability of electrical malfunction (Figure 1.1) to demonstrate the range
of choices open to the designer (Figure 1.3). The curve for electrical
malfunction may have to be broken or stepped to allow for the differing
electrical characteristics of double-sided and multilayer boards, and it may
also have to be sharply biased or cut off to take into account factors like
long-term reliability.

The choice of board type may well be dictated by electrical requirements
or by limitations on space or weight. Any demand for accurately controlled
line impedances or for earth screening will usually necessitate the use of a
multilayer board with internal planes, and limits on the available space for
the equipment can call for the use of high density multilayers or flexi-rigids.
Multilayer boards are occasionally used instead of double-sided because
they are a more recent development or sometimes simply because they cost
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more and are therefore assumed to be ‘better’. The use of a graph such as
Figure 1.3 should help to prevent such costly mistakes.

1.1.4.4 THERMAL PROBLEMS

When the use of multilayer boards is being considered to help to achieve
higher packing densities, it must be borne iq mind U!al not only may the
usually lower line impedances of a mull!layer' offset or _negate any
improvements over the performance of lower dcn_sny double-sided boards,
but the higher packing density may create expensive thermal problems.

Overheating is a notorious cause of unreliability in electronic systems,
and whilst double-sided boards are usually designed at densities such that
air cooling, either natural convection or fan blown, will suffice to keep the
commonly used dual in-line packages at a safe temperature, the higher
component densities achievable on a multilayer may make some form of
conduction cooling essential. )

The first stage of any such cooling is normally a copper or aluminium
heat ladder etched or punched out of sheet 0-5 to 1 mm thick and bonded to
the components side of the board. The heat ladder must have adequate
clearances for all component leads to pass through it, and the obvious need
to maximise the area on which the heat generating components will be
seated, plus the necessity to allow clearance between the metal of the heat
ladder and the live pads on the surface of the board, usually means that the
tolerancing on the manufacture and bonding in position of the ladder is
critical. Such ladders are generally bonded to the face of a finished board
with a low flow prepreg (see Section 1.4.8).

Heat generated by the components is carried by the ladder to the board
edges, where specially designed metal board guides clamp onto the face of
the ladder and conduct the heat away from the board assembly. The design
of the clamping mechanism, which must ensure the best possible thermal
contact when in use but which must open to allow easy insertion and
extraction of boards for servicing, is often a difficult exercise, and
manufacture of the necessary metalwork is seldom cheap. The side plates of
the unit which carry the guides may have to be deeply finned in order to
provide adequate surface area to radiate the heat to the outside air, or on
large systems with multiple rows of boards they may have to be provided
with channels for pumped liquid cooling.

In most systems, the heat generated by the components will ultimately
have to be dissipated to the outside air, which implies that there will have to
be a certain area of radiating surface. It can be found that attempts to
minimise the overall volume of an equipment by the use of high density
conduction-cooled boards may result either in no ultimate saving or even in
a unit with greater overall dimensions. Whether space is gained or lost, a
conduction cooled unit will be considerably more expensive than a simple
air-cooled unit.

Attempts to improve electrical performance on a large system by the use
of high density packaging can have the reverse effect, because the need to
provide cooling channels within the equipment means that some of the
essential inter-board or inter-unit connections must be significantly longer
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than they would have been had a more uniform, lower-density packaging
been adopted.

1.1.4.5 SYSTEM ARCHITECTURE AND BOARD TYPE

Situations can arise in which some early decisions on system architecture
may dictate the use of multilayer boards. Bit or byte split units or boards
may have quite different tracking density requirements from function split
units, and bussed systems also influence the density of their interconnect.
The allocation of board connector pins can have a major impact on the
tracking density of both back wiring panels and plug-in boards. A unit
should be studied as a three-dimensional entity, and the interconnections
can then be organised to provide the best overall tracking density to suit
electrical performance, reliability and cost.

Systems in which a limited number of standard plug-in boards can be
grouped into different overall configurations will usually require multilayer
back wiring panels, as it can be difficult or impossible to organise the
connector pinning on the boards to suit all likely applications. However, on
single-purpose systems which use dedicated boards it may not be necessary
to use a multilayer back wiring. Figure 1.4 shows a typical, small back panel

l:lD

Be——————
=

Fig. 1.4 A back-wiring panel layout which will almost certainly have to be
multilayer to contain the necessary tracking along and across the board sockets on
the left

layout with sockets for nine boards, two round cables, and three ribbon
cables. There can be little doubt that to complete an interconnection on
such a layout, with tracks linking the nine board sockets crossed by tracks
out to the cable sockets, a six or eight layer board will have to be used.
However, if the length of each of the nine board sockets is increased to
allow redundant pins over which tracks can be routed and more spaces
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between pins, and if the cable philosophy is changed to allow the use of in-
line instead of round connectors, then it is possible that the necessary
interconnect could be accommodated on a double-sided board (Figure 1.5).
The savings in board costs should more than offset the increase in connector
costs.

Fig. 1.5 A modification of the back-wiring layout of Fig. 1.4 which might be
implemented on a double-sided board

1.1.4.6 PROBABLE NEED FOR MULTILAYERS

With multilayer boards costing substantially more than double-sided and
the possibility of thermal problems, it may be felt that there is only a limited
field of application for multilayers. Figure 1.6 illustrates very roughly the
probable need to use a multilayer depending on the type of equipment being
made and its application. It can be seen that UHF analogue and fast, high
power digital logic boards, both of which types require controlled
impedance lines, will almost always use multilayers. Military portable and
industrial FHP logic boards are shown with their squares divided vertically
instead of horizontally because there is only a limited likelihood of such
systems being manufactured, but if they were it is almost certain they would
use multilayers.

Two columns are shown for back wiring panels, one to cover situations in
which a system concept may be amenable to alteration to allow the use of
double-sided boards as already described, and the other for thos i
which other requirements preclude any such structuring in order to
minimise the cost of the back wiring.

Figure 1.6 reveals a surprisingly high percentage of board types as being
likely to require multilayer construction. However, this figure is misleading
as it shows equal areas for all types of boards. Figure 1.7 indicates the
approximate market split predicted for the various types of through-hole
plated boards in the foreseeable future. This graph cannot be regarded as
being accurate, as clearly it will be influenced by national and international
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Fig. 1.6 Probability of the need to use a multilayer board for various types of
electronic systems.
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Fig. 1.7 Probable market for electronic systems using through-hole plated boards.

policies on defence spending and in the UK by the future of CB radio.
However, the graph does at least give a crude indication of a possible Splil-

When the two diagrams are combined (Figure 1.8), it can be seen that i i;
probable that between a quarter and a third of the market for lhrough-holé
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ds will be for multilayers of various types. As these diagrams
mbers of boards and not value, and as the multilayers may well
have an average price towards three times (_hat of the average doublc—sldsd}
board, it can be appreciated that the multilayer board will become one of
the most critical components of the electronics industry
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Fig. 1.8 The probable need for multilayer boards.

‘1.2 TYPES OF MULTILAYER BOARD

The term ‘multilayer board’ is usually understood to imply a board
which has been bonded up from separate thin laminations, with holes plated
through the bonded assembly (see Section 1.2.4), other types normally
being qualified by a further description. Strictly speaking, however, a
multilayer board can be any array of more than two layers of tracking, with
or without internal layer-to-layer connections, and such boards can be
constructed from a variety of materials by various methods. In this Section
some of the major variants are described, but no claims can be made that
the list is fully comprehensive.

1.2.1 Access Hole Boards

Access hole boards are probably the oldest type of multilayer board. The
general principle is that the necessary interconnect pattern is designed on a
number of thin, single-sided laminates with all tracking to any given point
completed on one layer. Connections to tracks on all but the outer (solder
side) layer are made possible by drilling large clearance holes in all layers
between the one requiring the connection and the solder side of the board
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(see Figure 1.9). These access holes are usually drilled somewhat larger than
the pads used, to allow for misregistration in assembly of the board, and
their diameter is also influenced by the need to provide adequate access to
the pads for a soldering iron.

%
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Fig. 1.9 Access hole board.

On a board with three or more layers it may be advisable to use larger
holes for access to the layers nearer the components side. In fact, some
designers prefer to use progressively larger holes in each lower layer of the
board. When all the access holes have been drilled, the board is bonded with
alow flow prepreg or adhesive, and then the holes for the component leads
are drilled. Control of the flow of the bonding layer during assembly is
critical, as it must be sufficient to encapsulate all the tracks on the inner
layers, but not so much as to flow out over the etched copper pads to which
joints will subsequently be formed.

Boards on which all interconnection nets are completed on one layer do
not necessarily have to be bonded, but can be assembled layer by layer onto
the component leads, leaving adequate space between the layers to avoid
moisture retention. Such an assembly constitutes multilayer interconnect,
but it is doubtful whether it should be classed as a multilayer board.

1.2.1.1  ACCESS HOLE BOARDS WITH INTERNAL CONNECTIONS

Situations can arise in which the completion of all tracking to any given
point on one layer of a board can be impossible without using an
impracticably large number of layers. As a simple example, it may be
necessary to interconnect with minimum length tracking four points at the
corners of a square. This can be achieved using a simple X pattern.
However, if the total interconnection requires a multiplicity of such X
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REPETITIVE X PATTERN

1.10 A repetitive X pattern which requires as many layers in the board as there
are repeated patterns if via holes are not used

INTER LAYER CONNECTIONS

SAVE EXCESSIVE LAYERS

Fig. 1.11  The use of via holes enables the pattern of Fig. 1.10 to be implemented on
two layers only.
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connections, all superimposed but stepped down the board, then the pattern
will require as many layers as there are superimposed Xs (see Figure 1.10).
On the other hand, if layer-to-layer connections can be made within the
board, this pattern is obtainable on only two layers of nested Vee tracks (see
Figure 1.11).

Layer-to-layer interconnections can be achieved on access hole boards by
using stepped hole and pad sizes as shown in Figure 1.12. With this method
itis not essential to have a small hole right through the board, though some
engineers prefer to insert a headed pin into the hole before soldering and to
bend the pin so that it contacts the faces of the two pads to be connected.
Without such a pin the joint will depend solely on the ability of the solder to
bridge the dielectric material.

& Lee %ﬁﬁ
L " W/Wg

N N I

Fig. 1.12 Access hole board with layer-to-layer connection

1.2.1.2  DISADVANTAGES OF ACCESS HOLE BOARDS

The major disadvantage of an access hole board is the amount of space
occupied by the access holes. The land around the component holes must be
at least that which would be used on a single-sided board (i.e., a minimum
metal condition of more than 0-25 mm), and the access holes must be larger
to allow for all manufacturing tolerances and for easy soldering. A double-
stepped hole as in Figure 1.12, which is not to scale, increases the space
taken up by the hole.

Good bonding which does not flow over the pads is not easy to achieve.
The ability to make connections to inner layers by small diameter plated-
through holes has rendered the access hole board obsolete for many
applications. However, there are instances, especially in dev elopment
projects, in which an access hole board can provide an elegant, cost
effective solution to an interconnect problem

1.2.1.3  SOLDER BUTTONS

One frequently used variant of the access hole board is found on non
through-plated flexible circuits, where the dielectric base can be etched
away from behind pads on the component side of the flexible to allow
access for soldering either to a component lead or to another flexible layer
(see Figure 1.13).
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Fig. 1.13  Back-etched flexible circuit

When employed in flexible circuits such connections are usually called
«solder buttons’. Layer-to-layer connections of this type are generally
successful on flexible circuits because the dielectric material wh_m_h has to be
iy‘ridged by the solder is normally very much thinner than the rigid laminate
and prepreg on an access hole board.

1.2.2 Plated Pillar Boards

Before the plated-through hole became w_idely acgep(ed asa r_ellable inter-
layer connection, there was considerable interest in plated p_lllar boards.
These boards are similar in many respects to ceramic subsfrale
interconnects, with the board being built up. layer by layer b\ successwel:{
plating layers of copper to form the trackxpg, apd depositing layers of
dielectric material through which the plated pillars interconnect these layers

of tracking (see Figure 1.14).

Fig. 1.14  Pillar plated multilayer.

Plated pillar boards have two major advantages over the more
conventional through-hole plated boards, the first being that the layer-to-
layer pillars can be of any suitable shape and size and need not be.any wider
LI\‘un the tracks to which they connect. Their second advantage is that the
pillars can be placed at any convenient point without regard to the positions
of the pillars between other pairs of layers in the board, and the internal
connections are not confined to those between adjacent layers; the pillars
can be built up to any required height.

With care during manufacture these advantages combine to offer the
capability of forming a very high density interconnect.

Opposed to these advantages are the disadvantages that the boards must
be built up layer by layer, making their manufacture slow and expensive (see
Section 1.4.1), and that the dielectric is usually relatively thin, which gives
the tracks on a plated pillar board a fairly high capacitance and low
characteristic impedance.

This electrical disadvantage may be offset by the reduction in track length
achievable compared with other forms of interconnects, and the possibility
of using a plated pillar board as an alternative to a ceramic substrate should
not be overlooked. The fact that the layer-to-layer interconnections can be
effected without drilling can make the use of plated pillar boards especially
attractive when all the components to be interconnected can be surface
mounted.
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Fig. 112 Access hole board with layer-to-layer connection
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When employed in flexible circuits such connections are usually called
‘solder buttons’. Layer-to-layer connections of this type are generally
successful on flexible circuits because the dielectric material which has to be
bridged by the solder is normally very much thinner than the rigid laminate
and prepreg on an access hole board.

1.2.2 Plated Pillar Boards

Before the plated-through hole became widely accepted as a reliable inter-
layer connection, there was considerable interest in plated pillar boards.
These boards are similar in many respects to ceramic substrate
interconnects, with the board being built up layer by layer by successively
plating layers of copper to form the tracking, and depositing layers of
dielectric material through which the plated pillars interconnect these layers

of tracking (see Figure 1.14).

Fig. 1.14 Pillar plated multilayer

Plated pillar boards have two major advantages over the more
conventional through-hole plated boards, the first being that the layer-to-
layer pillars can be of any suitable shape and size and need not be any wider
than the tracks to which they connect. Their second advantage is that the
pillars can be placed at any convenient point without regard to the positions
of the pillars between other pairs of layers in the board, and the internal
connections are not confined to those between adjacent layers; the pillars
can be built up to any required height.

With care during manufacture these advantages combine to offer the
capability of forming a very high density interconnect.

Opposed to these advantages are the disadvantages that the boards must
be built up layer by layer, making their manufacture slow and expensive (see
Section 1.4.1), and that the dielectric is usually relatively thin, which gives
the tracks on a plated pillar board a fairly high capacitance and low
characteristic impedance

This electrical disadvantage may be offset by the reduction in track length
achievable compared with other forms of interconnects, and the possibility
of using a plated pillar board as an alternative to a ceramic substrate should
not be overlooked. The fact that the layer-to-layer interconnections can be
effected without drilling can make the use of plated pillar boards especially
attractive when all the components to be interconnected can be surface
mounted.
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1.2.3 Staked Boards

The theory of a staked board is that connections can be made to the inner
layers of a multilayer stack by metal stakes which are driven dow n through
the board, deforming and making contact with the copper pads on inner
layers (see Figure 1.15), thus obviating any need for through-hole plating
and for drilling via holes. The stakes can even be driven through an

undrilled board.
e
/7>

—

Fig. 1.15  Staked multilayer.

Although many tests have been carried out to demonstrate the reliability
of staked connections, field results have not been satisfactory, and in the
Author’s experience the use of staked connections is best confined to
double-sided boards where the Jjoint provided by the deformed metal can be
supplemented by soldering. The mass of metal of the stakes can lead to
problems with thermal retention during wave or dip soldering of
components, which can cause blistering or delamination of multilayer
boards. The possibility of using staked connections should not be ignored,
but in the Author’s opinion they are unlikely to provide a viable alternative
to the through-plated hole which has superseded their use on double-sided
boards.

1.2.4  Bonded Through-hole Plated Boards

Usually when multilayer boards are mentioned the automatic assumption
is that they will be bonded, through-hole plated boards. This widely
accepted convention has been followed throughout this book where, unless
stated otherwise, the terms ‘multilayer’, ‘multilayer board’, or
‘multilayer circuit board’ do refer to this type.

These boards comprise a number of track-carrying, thin rigid laminates
bonded together, with layer-to-layer connections and component mounting
holes formed by plated-through holes which are drilled after the boards
have been bonded (see Figure 1.16). They may have any number of layers
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Fig. 116 Conventional bonded, through-plated hole mulilayer with six layers.

1.2.5 Buried Via-hole Boards

One of the limitations of a bonded PTH board is that a via hole Much
interconnects tracks on two layers must pass through all ([!c other la}?;s]i
The minimum size of such a via hole is d \,ta[‘cd_by the reqmrcmcn;‘ x‘o ( n1
and to plate through the full thickness of the finished board, with t va\"LS\J t
that a via hole often severely restricts the tracking on all the board layers to

C| oes not connect.
x‘lzl";}llzi:;zelian[age of the conventional multilayer board can b_c ov crconvxe
by using inner rigid laminates which have through-hole plal.cd via holes }Ihd&
interconnect the tracking on their two sides instead of using plain etche
laminate. Component mounting holes, and any via holes which must
interconnect tracks on non-adjacent layers are drilled and plated after
bonding in the usual manner (see Figure 1.17).
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Fig. 1.17 Buried via-hole board.
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As on a pillar plated board, via holes between one pair of layers can be
superimposed on the same sites as those between other pairs of layers, but
the internal connections are restricted to those between pairs of layers which
will be formed on the two sides of a rigid inner layer laminate.

The use of buried via holes provides a significant increase in the tracking
density compared with that of a conventional multilayer, but the cost
involved is also significantly higher.

1.2.6 Sequential Buried Via-hole Boards
1.2.6.1 TWO.LEVEL BURIED ViA HOLES

The buried via-hole concept can be extended by taking pairs of inner layer
laminates with first level via holes plated, bonding the pairs together and
then drilling and plating further via holes before bonding the whole board
together (see Figure 1.18). This allows an interchange of track levels among
groups of four inner layers, and can help to solve some tracking problems
which may not be easily resolved by a single level of buried via holes. Whilst
this technique can simplify the design of the board and permit the
implementation of extremely complex interconnects, it is a very expensive
way of producing a board and should be used only when all simpler
techniques have failed to yield the desired interconnect.

Fig. 1.18  Sequential buried via hole.

1.2.6.2  MULTIPLE LEVEL BURIED VIA HOLES

The sequential technique of plating one level of via holes, bonding, then
plating a further level of via holes can be further extended, as in Figure
1.19, to make buried via-hole boards that offer the possibility of linking
almost any desired pair of tracks within the board at any point. It must be
noted that to avoid an excessive build-up of copper on any layer, successive
pairs of layers must be added on alternate sides of the original pair of
bonded layers. Because of their sequential manufacture, boards of this type
are invariably very expensive, and it is possible that pillar plating techniques
may prove more cost effective.
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Fig. 1.19 Fully sequential multilayer build.

1.2.7 Double-double Boards

As an alternative to a buried viarht_)le board, a high _dcnslly mullulag'erg
in{erconnccl can be formed by bondm_g together a pair of doubhe-il e
boards with through-plated via holes. Since power planes and eart p ‘ane;
do not require connections to other layers or to one anqther, a l_}:ilglple;el}(‘yc
laminate carrying a pair of planes can be .xa.udwncl\ed in th: n:;v j 01 e
board (see Figure 1.20). Component mounting holes are drille 4;1‘ p! ad d
after bonding. The essential differcr?ccs between a duuble-du; e an (f
buried via-hole board are that on the former all holes are expose Oél one '01
the outer faces of the board, and the outer fagcs carry a iuhsmmt]a‘
percentage of the tracking, whereas on a buried via-hole board the outer
layers often carry pads only.

-

t‘

Fig. 1.20 Double-double board.

1.2.8 Double-multilayer Boards

A logical extension of the ‘double-double’ concept is to use a pair of thin
multilayer boards instead of double-sided boards (see Figure 1.21). Because
all the via holes in the multilayer portions are filled with resin during the
final bonding, pads can be run over the sites of the holes, rendering double-
multilayer boards particularly suitable for use with surface-mounted
components, which can now be accommaodated on both sides of the board
In such cases, it is probably better to include a power and earth plane layer
in each of the multilayer halves instead of in the centre of the stack so that
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Fig. 1.21 Double multilayer board.

power and earth connections to the surface mounting components can be
formed by small, filled via holes directly below the component mounting
pads.

1.2.9 Flexi-rigid Boards

So far, all the types of multilayer boards described have been assumed to
be constructed of rigid materials. On any type other than pillar plated
boards it is possible to replace one or more of the rigid layers with a flexible
layer, usually made on a polyimide base. This flexible layer can extend
beyond the profile of the rigid area of the board to serve as a connection to
a component which is not co-planar with the board face, to act as a hinge
between two rigid areas, or to carry electrical signals to a moving part of an
equipment.

Of all the possible variants of a ‘basic’ multilayer board, flexi-rigids have
the widest field of application and Chapter 20 will detail the main points to
consider in their application, design and manufacture.

1.2.10 Other Forms of Multilayer Interconnects

Sections 1.2.1 to 1.2.9 have described the major range of possible
multilayer board forms. There are in existence other minor variants of the
types listed, such as fully earth-screened boards which are merely standard
bonded PTH boards or buried via-hole types with the earth planes on the
surface layers or on the first layer in from the surface. Also, several forms
of the basic plated pillar type are available under different names. However,
there are also other types of multilayer interconnect which, although not
widely used, are worthy of note if only to provide a reasonably complete
listing of types.

1.2.10.1 ETCHED AND WELDED INTERCONNECTS
A multilayer back wiring interconnect developed by Elliott Brothers Ltd
of London consisted of track layers etched from nickel sheet on an

insulating base. Where a connection was required, the base laminate was
back-etched away to leave a rectangular aperture, with the end of the nickel
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track running over it (Figure 1.22a). The projecting end of the track was

i J i t were stacked on
bent over (Figure 1.22b), the layers of the interconnect !
:}e];]sm pins, and the projecting nickel tabs welded together and to the pins

of the board sockets.

7

a TRACKS ETCHED AND HOLE ETCHED IN SUBSTRATE

b TRACK END BENT OVER

Fig. 1.22 Welded nickel interconnect.

1.2.10.2 THREE DIMENSIONAL PLANAR CO-AXIAL INTERCONNECT

A very high density interconnect with excellent (_hermal conductivity
developed by the Bunker-Ramo Corporation of America consists basically
of stacked layers of copper sheet 0-15 mm thick containing mall co_»axlal
interconnecting tracks. The tracks are formed by etching into one 5\9(: of
the copper sheet grooves with a step in the centre _of their bases (Figure
1.23a). These grooves are filled with plastic, and similar grooves are etched
from the other side and filled, thus leaving isolated centre tracks embedded
in the plastic (Figure 1.23b). Where a connection is required to another
layer, a copper pillar is left, the ends of which are plated with gold to create
a small bump (Figure 1.23c, left). .

Semiconductors, either as bare chips or in flat packs or chip carriers, are
welded into the interconnect in square apertures into which the ends of
tracks project as inverse beam leads (Figure 1.23c, right). Some layers of the
stack contain the active devices, some are track layers, and alternate layers
carry only isolated pillars to provide layer-to-layer connections. The layers
of the stack are clamped together, with reliable layer-to-layer contact
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Fig. 1.23  Co-axial interconnect etched and filled in copper sheet.

provided by compression of the gold bumps. Because most of the resulting
unit is solid copper, the thermal conductivity from the semiconductor chips
;se]);selllem and extre}x]nely high packing densities can be realised. The “pillars
nly” layers ensure that every track is totally surround: i
truly co-axial lines. Y ey soppetoiie

1.2.10.3  ETCHED AND FILLED BOARDS

Multilayer boards similar to pillar pl. i
E plated types can be formed by etchin,
the conductor pattern from solid copper and filling the spaces left with §

dielec_tric material in a manner similar
described in Section 1.2.10.2. Thompson C
of multilayer in 1975,

to the Bunker-Ramo method
SF in France patented this type

1.2.10.4 MOULDED BOARDS

I\flgny of the prob]en“.s associated with the production of conventional
mlu glla)rcr boards arise in the areas of bonding, drilling and through-hole
'r:‘aun% and some engineers have felt that there ought to be an alternative

anufacturing process in which the holes with thei
moulded into the boards. e
] guchvboards were developed and manufactured by Mr Pellegrini of Teller
n ;{smes Inc., in the USA. Th.c process involves the use of specialised press
tooling to form ghe holes, with track layers electroformed on a plastic
g?amx. Thg techniques employed permit the use of holes down to 0 125 mm

iameter with 0-05 mm copper walls on boards 2 mm thick, and tracks can
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be of any desired cross-section. Some examples had certain tracks 0-25 mm
thick. Another advantage of this process was that aluminium heat grids
could be moulded into a part of the board area, with the depth of the
aluminium being occupied by tracks in other areas. The design of the board
could be totally unbalanced, but the final moulding operation resulted in a
truly flat end product. Very high interconnection densities are achievable,
but the boards are significantly more expensive than those manufactured by
the more conventional processes

1.2.10.5 MULTIWIRE

The multiwire process comprises the laying of insulated wires in a
partially cured resin on a base laminate, which may carry etched copper
patterns on its surfaces. When all the wires forming the interconnect have
been laid and the adhesive has been cured, holes are drilled through the
wires and through-plated. The wires are laid by an NC machine and, being
insulated, can cross one another on the same layer. Since all wires are laid
accurately on pre-determined paths and are rigidly held in position by the
cured resin, the performance is predictable and repeatable. However, as the
track routing and often the package placement are quite different from that
on a conventional multilayer board, multiwire boards cannot be used as
performance-proving prototypes for conventional boards. Multiwire is fully
described in Chapter 24

There are other types of ‘wired boards’ available which are claimed to be
usable as prototypes or as substitutes for multilayer boards, but they lack
the predictability of ordinary boards or of multiwire and, being in reality
little more than formalised ‘breadboards’ or ‘birds-nests’, do not receive
consideration in this book.

1.3 PRODUCTION OF THROUGH-HOLE PLATED MULTILAYERS
1.3.1 General

The production of bonded, through-hole plated multilayers can be made
to sound very simple, but, as the following chapters demonstrate, there are
many critical points to be considered and the overall process of producing
high quality, cost-effective boards is anything but simple.

As shown in Figure 1.24, the production process can be described in eight
or nine basic stages. The purpose of this introductory section is to set the
scene so that the subsequent more detailed chapters can be read and
considered within their overall context. Sections 1.3.2 to 1.3.7 enlarge on
the first simple flow diagram of Figure 1.24, serving as the true
introductions to the detail chapters, and Section 1.4 covers possible variants
of the basic manufacturing methods

Some of the processes are used more than once at different stages in
manufacture; thus to avoid excessive duplication the detail chapters of the
book do not follow precisely the consecutive stages of the operations
involved in making a board.
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Fig. 1.24  Simplified flow chart of multilayer board

1.3.2  Preparation of Inner Layers
1.3.2.1 FILM WORK
1.3.2.1.1 Incoming Photo-tools

Before any work can be started on the actual boards, high quality photo-
tools must be available, with all pads on all layers in the most accurate
registration possible and with any test coupons required by the customer
also in exact registration. Section 23.8 deals briefly with the generation of
films and artworks as they will usually be supplied to a board manufacturer.
At all times during board manufacture the film set must be regarded as
expensive, high quality precision tools. Films must be stored and handled
properly, with care being taken not to fold or kink the base material or to
scratch the emulsion.

If the design of the board does not include within the board area a panel
in which the layer numbers for each layer are visible in sequence, as copper
numbers on a clear background, so that the finished board can be inspected
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Flow chart of inner layer preparation.
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to see that all layers are present and in the correct sequence, then most
manufacturers will add such a panel in the border area of the production
blank. When a missing-layer numbering sequence, as suggested in Section
23.4, is used it is advisable to add an ‘X’ before or after the layer number of
any films which will be printed on the single-clad laminate. T his enables all
personnel involved in manufacture to see clearly that the opposite side of
the piece of inner layer laminate is intended to be blank and a film has not
been mislaid. If the odd lay missing, the X is put before the even
number, but if it is the even layer missing, then the X is put after the odd
number.

The photo-tools supplied should be on a stable base material, either glass
or 0-007 in. (0+ 18 mm) film. It can help to prevent costly mistakes occurring
if all films in the set carry a clear notation as to their type and orientation.

1.3.2.1.2  Film Types and Labels

It is not unknown for multilayer boards to be made with layers which
have copper on areas which should have been clear and vice versa, or with
layers the wrong way round or on the wrong side of an inner layer laminate.
The layer-numbering panel described in Section 1.3.2.1.1 helps to avoid
such costly errors, and as a further safeguard the type and orientation of
every film should be clearly stated. Films are either positives or negatives,
and their orientation is either emulsion side up or emulsion side down.
Whilst these statements may appear self-evident, there is a surprising
amount of confusion within the industry over these basic definitions.

A film which shows in black the areas which will be metal, solder
resist, or legend ink on the finished product is a positive film.

A film which shows as clear the areas which will be metal, solder
resist, or legend ink on the finished product is a negative film.,

A film which, when laid in register against the product printed or
made from it, has its emulsion on the face of the film adjacent to the
product is an emulsion side down film.

A film which, when laid in register against the product printed or
made from it, has its emulsion on the face of the film away from the
product is an emulsion side up film.

The importance of defining whether a film is positive or negative is most
casily demonstrated by considering Figure 1.26, in which the colour of the.
cat can be determined only when one knows the film type. A chess or
draughts board is another obvious example of a film which can cause
confusion unless the type is known.

Solder resist and earth plane films are sometimes supplied as negatives. In
general, these should not cause confusion even if they are not clearly
labelled, but some boards contain special screening layers on which there
may be no way for a board manufacturer to determine which areas should
be copper. Labelling of all films is good practice, and if even the most
obvious films have their type clearly defined the risk of errors will be
minimised.
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THIS IS A POSITIVE OF A BLACK CAT IN A SNOWDRIFT

THIS IS A NEGATIVE OF A WHITE CAT IN A COAL CELLAR
Fig. 1.26 It may not be obvious whether a given film is a positive or a negative.

The orientation of films is a fruitful field for Enni'us_ion. Sometimes a film
set for a multilayer board is generated wil‘h films for all layers _made as
viewed from one side of the board, usually: (m{n 1he‘ component; ‘1de. This
means that films to be printed on the ‘upper’ side of each piece of la‘mmval?
will have their emulsion on the reverse side to that of the film for the lowe_'r]
sides. Such a film set is not the best way to provide l}‘]é essentia
manufacturing information, as the boa_rd manu_faclurcr . will ha_va to
perform an extra operation on half the fllm set, either taking a print o‘n
reversal film, contact printing through the film, or ph_mogr_gphmg at one-
to-one to bring all the emulsions to the same surface of the n_lms relthc to
the surfaces on which they are to be printed. Any such operation pcr(crmed
on half the films can introduce small layer-to-layer errors; it is therefore
better if a customer supplies a film set with all films of the same type and
m?\ell‘z:tu(;):z;htyrconsclous film departments will lqbel all films to shcw' Elk?e
type, orientation, generation, and printing date. Such a label could read:

JOB No. POS. UP 2ND 8/7/84

The generation labelling prevents a second or (l?ird gcncre_ilinn negative
from being used as a master, and the date can provide a warning [_ha[ a film
is old and should be checked for size and overall quality befor_e it is L_\Scd.
The film type, orientation and generation can all be combing:d into a single
letter code, with, for example, A for an off camera emulsion ~§dc d_qwn
negative, B for a plotted emulsion side up positive or a contact print o{i an
A film, and so on, with further letters used for contacts or reversals from
the basic masters and for second and third generation copies.

1.3.2.1.3 Step and Repeat

As part of the planning stage, the board manufacturer will decide
whether the job will be made as a single board or will be stepped a_nd
repeated onto a larger process panel. One factor to be considered in making
this decision is the width of the lands available round the holes relative to
the panel size. Material movement can render it less economical to make
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smallish, high density multilayers as multiples on a large panel than to form
them u]!_ individually. Once the decision has been taken, the customer’s
master films will be copied on an accurate step and repeat contact printer lé
generate master working films.

1.3.2.1.4 Borders

j‘hg working films will usually require to have borders added to them
Within the border areas there will need to be markers for punch alignmen{
any lest patterns or coupons required by the manufacturer for procesé
monitoring, and the la; in
the fipished board area. It is also desirable to i
and size marks which can be used to verify the size and squareness of any
{:l:“ o: plec?fof etched llaminale, and through which microsections can be
en to verify layer-to-layer regi i i
oen bondedypa}x/xels, 37 gistration and check for material movement
. The best type of mark to use for these purposes is either a segmented
cn_rcular target (Figure 1.27) or a chequered cruciform mark (Figure 1.28)
Enher_of these types can be aligned to a grid or to hair line markers Wilh a
very high degree of accuracy, and when one film is reversed over another
they show absolute blackness only if the films are exactly the same size,

assuming that the markers were properly placed and have not been over-
exposed.
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Fig. 1.27  Circular ‘bomb-sight” targets for precision films,
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Fig. 1.28 Cruciform targets.

If the films are not exactly to size, one of the pair of targets must be out
of alignment, and with the films on a lightbox misalignment of as little as
0-01 mm is immediately evident without the aid of a magnifier. For really
fine checks on alignment, an opaque mask with apertures which expose the
targets only can be laid over the films on the lightbox. With the room lights
dimmed, any misalignment will show very clearly.

If such targets are added, they should be a set distance apart to facilitate
measuring against a glass gauge at any stage during manufacture. They
should not serve as direct alignment marks for a film punch as this
precludes later microsectioning to check for alignment and material
movement in the processed panel. They can, however, serve as offset
alignment markers.

Added borders for inner layers are usually left as solid copper, broken by
gas vent slots, whilst outer layers have a cross-hatched border added to
balance plating currents. Board manufacturers will generally use standard
borders which fit their process panel sizes and can be added to all working
films. The addition will usually be effected by a double photographic
exposure, using dowelled negatives to ensure accurate alignment with the
board pattern.

1.3.2.1.5 Environmental Control

All work on the master working film set for 2 multilayer board must be
regarded as high precision work, and should be carried out in a strictly
controlled environment. Temperature is normally held to within plus or
minus one degree of standard, and humidity to 5% or better. The
environment in the film area must match that of the photo-mechanical and
screen making areas. All incoming films should be allowed time to stabilise
to the environmental conditions, usually a minimum of 24 hours. Light
boxes used should be indirectly lit so that their working faces remain at the
controlled temperature.
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1.3.2.1.6 Film Punching

The working film set must be punched with tooling holes to enable all
films to be aligned to the laminate blanks for printing, and it will often be
necessary to punch films so that they can be aligned for the addition of
borders and so forth by double-exposure printing. The punches for this
work should be very accurately made and should incorporate facilities for
aligning films both to a base grid and to another film. A master alignment
punch is required which must match the laminate punch used in the
production area, and there will usually also be a darkroom punch which can
be used to punch unexposed film so that prints can be made in register on a
dowel bar. A guillotine or print trimmer with a marked bed-should be used
in conjunction with the master alignment punch to guarantee that all films
to be punched have sufficient margin to accept the tooling holes, but not so
much as to allow the edge of the films to touch the end of the jaws of the
punch.

For simplest operation the master alignment punch should be built onto a
light box, and should be upwards acting with a stop mechanism so that the
punch heads can be left half-retracted. This allows a master film to be
retained on the punch pins while leaving space in the jaws of the punch for a
second film to be slid in over that retained on the pins. The jaws should be
just wide enough to allow two films, and only two, to enter. The second
film can be adjusted positionally to align with the master held on the pins;
then when it is aligned it can be punched in perfect register (see Figure 1.29).

In addition to the required tooling holes or slots, the master punch should
be equipped with an extra pair of holes, preferably arranged such that they
can be used either upward or downward acting, with removable punch pins
and a pair of well-fitting polished dowel pins having generously tapered
ends. To avoid any risk of confusion, these two punches should be of a
different diameter from the normal tooling holes. Their position relative to
the tooling set is not critical for the normal action of the punch, but to
facilitate possible future manufacture of any further tooling it is advisable
to locate them at set distances from the tooling holes. These two extra holes
are used to punch re-locating holes in a film, so that, with the aid of the
dowel pins, the film can later be re-located on the punch and guided back
onto the main tooling hole pins without risk of damage.

The glass top of the lightbox may be provided with datum lines or a grid
which can be accurately aligned to the tooling punches; alternatively, a
separate precision grid film punched with relocation holes and with the
holes accurately aligned to the grid may be used.

To punch a film set for a board, the grid film is located on the punch by
the relocation pins, and the tooling punch pins are raised, the feel of the
punch warning the operator if there is any risk of the punch pins damaging
the grid film as they enter their holes. The pins are then drawn back to their
half retracted position which leaves them still in the grid sheet, the
relocation pins are taken out, and the master film of the set to be punched is
aligned accurately over the grid. On a punch fitted with a glass grid pre-
aligned to the tooling punch, the master film is simply aligned to the grid.
Tooling holes are then punched in the master film and, while the punch is
held with its pins still through the master film, relocation holes are punched.
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Fig. 1.29 Sections through jaws of a precision film punch.

The grid and the master film are then removed from the punch, the master
ulon; is re-located and the punch pins are entered and held in their partially
retracted position.

If the master film is a positive, a negative film for each layer of the board
in turn is then aligned over it and punched with its tooling %101@9 The
positive to negative alignment is quite easy, especially if all films carry
segmented circle or chequered cruciform marks, and the end result should
be a set of punched films all with the holes positioned to a tolerance of less
than 0-025 mm. The alignment of the negatives for each layer over the
master positive gives an excellent opportunity for a final verification of the
layer-to-layer registration of all pads on the board and on any test coupons.

It should be noted that on a punch of the type described all holes are
punched with the punch pin working into a hardened steel die. Some
cheaper forms of punches use downward working pins, which means that
the master film forms the die against which the working films are punched.
This is not the best way to punch holes, or to ensure that the master film
remains re-usable. Similarly, a punch should never be used to punch more
than one piece of film at a time, as when this occurs the first film has to
form the punch for the second, with the second film forming the die for the
first.

The actual tooling-hole pattern punched in the films may have to be
chosen to suit board manufacturing considerations, but whatever pattern is
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adopted should always follow kinematic principles. The simplest and a very
effective pattern is a central round hole with slots on either side of it (see
Figure 1.30). Reversal of a film in use can be prevented by locating the slots
to the right of the master hole 2, 4, 6 and 8 inches (50, 100, 150, 200 mm)
from the hole and those to the left 3, 5, 7 and 9 inches (75, 125, 175,
225 mm). In use, the centre of the board pattern, or the centre of the most
critical area of the board, is aligned with the round hole. Such a single row
pattern accommodates material movement along the board, but it cannot
cope with movement across the board

(e}

o o (@] o o (@) (@) [en]

Fig. 1.30 Simple irreversible punching pattern of one hole and multiple slots.

To accommodate fully all linear material movements while using the
centre of the board as a datum, an ‘all round’ system of three slots must be
employed (Figure 1.31). This type of system can be very effective when only
one or two standard blank sizes are to be handled, but the alignment punch
required involves complex precision engineering. Most users of such a three
slot system seem to prefer to add a kinematically redundant slot on the
fourth side, as this can help to minimise risks of film distortion

0
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Fig. 1.31 Three or four slot location giving a centre datum.

A three slot system can be made to accommodate films and blanks of any
size by angling the slots at 45 degrees and placing them on two adjacent
sides of the blank (Figure 1.32). This system must not be employed with
more than three pins, and to avoid the risk of an operator trying to use five
or more pins on a large blank it is advisable to fit the punch with selectable
heads so that only the pattern of three holes which give a working centre
near the board centre can be used. Such a system is effective only when all
the work handled is more or less square.
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Fig. 1.32  Universal 3-slot system for centre location

2.2 PLANNING

Planning of multilayer board manufacture involves all_ l_he work common
to the planning of any production process, _such as the raising of route ce_xrds
and job tickets, ensuring that plant capacity will be available qt the _nghl
time, and that all necessary materials are in stock or are ordered for delivery
at the appropriate time.

It should also include a capability assessment check to ensure that what
the customer has ordered can in fact be made and that the filmwork,
documentation supplied and tolerances specified are suitable

The overall thickness and the build of the board must be correct, and the
appropriate grade of prepreg material should be selected to ensure adequate
resin flow. The thickness of copper tracks on the inner layers will have to be
taken into account in determining the grade, thickness and number of sheets
of prepreg to be used.

Stepping and repeating of patterns has already been mentioned. The
planning department will also have to ensure that the board is cor_xcc:ly
made relative to the warp and weft of the laminate to guarantee maximum
stability.

1.3.2.3 TAPE MAKING

Once working films are available, control tapes for NC drills and routers
can be produced. Drill tapes may be computer generated from a data base
supplied by the customer, or they may be digitised from the master film of
the set. In this case, it is easiest if a ‘pads only’ film can be used. Finished
drill tapes are usually verified by drilling a piece of laminate and comparing
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the hole pattern with a negative of the master film of the set. Router tapes
should be similarly checked by profiling a piece of material and checking
the dimensions against the outline drawing.

Although the use of NC or CNC drills and routers is almost universal in
multilayer board manufacture, it must not be forgotten that when properly
set and operated the older single or multiple head jig drills can yield
comparable accuracies, and there could be circumstances within a given
facility which would justify the use of jig drilling on small batches.

1.3.2.4  LAMINATE PREPARATION

With all the planning completed, the necessary sheets of laminate and
prepreg are cut, usually by guillotine, taking care that the copper
thicknesses and orientation of warp and weft are correct. If the job is to
have its inner layers screen printed, the sheets of laminate are punched
before they are cleaned, but if photo-mechanical printing is used the
laminates are cleaned and the resist is applied before the tooling holes are
punched. The cleaning of laminates is discussed in detail in later sections,
particularly in Chapter 14.

1.3.2.5 INNER LAYER PRINTING AND ETCHING

The cleaned and punched laminate sheets may have the patterns for the
inner layers screen printed (see Chapter 6) or they may be photo-
mechanically printed (see Chapters 4 and 5). Whichever process is used, the
patterns must be accurately aligned to the tooling holes, and the printing
must be of high quality to give a usable pattern with the minimum of
subsequent re-touching. With improvements in resists, printing techniques,
and environmental and dust control the need for inspection and re-work at
this stage can be minimised, but it is unlikely that it can ever be totally
eliminated. All inner layer patterns are then etched (see Chapter 7), leaving
the copper untouched on what will be the outer layers of the finished
boards.

1.3.2.6  PREPARATION FOR BONDING

After etching, the resist is stripped and the etched copper patterns are
cleaned and oxidised or otherwise treated ready for bonding. The need for
oxidation and the preparation necessary are discussed in Chapter 8.

1.3.3 Bonding

The laminates with the etched and prepared inner layer patterns are
stacked with the appropriate numbers of prepreg sheets on pins in the press
plates, and the stack is bonded under heat and pressure which causes the
partially cured resin in the prepreg sheets to flow and then to polymerise to
bond the board. Obviously, the preparation for bonding and the actual
bonding are key operations in the production of multilayer boards, and
these processes are fully described in Chapters 8 and 9.
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1.34

Drilling

After bonding, the multilayer board follows substantially the same
processing as a double-sided board, with drilling as the next major
operation (see Chapter 10). If there were no material movement, the bonded
board could simply be mounted on the drilling machine on pins through the
tooling holes, with the certainty that the holes would pass through the pads
in the inner layers. Unfortunately, material movement cannot be ignored
(see Chapter 17), and as a rule some adjustments will have to be made. Very
often the outer layer copper will be etched off the first blank to be drilled so
that the registration of the drilled holes in the inner layer pads can be
verified visually. The blank pattern may include special areas in the border
in which the outer layer copper can be locally ground off to expose pads,
serving as a visual check that material movement has not been excessive and
that the drilling is adequately registered.

Most multilayer boards are drilled on multi-spindle NC machines, but jig
drilling or even optical drilling on an inverted spindle machine with a film
pinned over the board can also be used.

1.3.5 Smear Removal

Drilling and normal de-burring are followed by processes peculiar to
multilayer boards for the removal of any resin which may have been
smeared over the edges of what should be exposed copper on the inner
layers. These processes are described in Chapter 11,

1.3.6 Through-hole Plating and Outer Layers

The cleaned holes are then plated through and the outer layer patterns
printed, plated and etched in the same way as for a double-sided board. The
boards may be panel or pattern plated, and screen printing or photo-
mechanical printing can be used. The flow chart in Figure 1.34 shows the
main steps of these processes, and Chapters 12 and 13 deal with the plating
proces: Probably the most widely employed process is photo-mechanical
printing with tin-lead plating used as the etch resist. Printing and etching are
covered by Chapters 4-7.

One problem which can affect the printing and etching of multilayers but
is not found on double-sided boards is that, after bonding, the outer layers
of a multilayer may not be flat enough to enable the printing of a high
precision pattern with good definition. This out-of-flatness is known as
‘telegraphing’, and is caused by thin outer layers tending to conform to the
etched patterns of the inner layers. It is most acute on boards with a large
number of layers etched on very thin laminates, and can be aggravated if the
designer is not aware of its occurrence and allows some areas of the board
to be blank on the majority of layers whilst immediately adjacent areas have
copper present on all layers. When there is a risk of such telegraphing
occurring, it is sound policy to design the outer layers of the board with
pads only. Then, provided all inner layers are made with all pads present
round all holes, the bonded blank will be flat and have the same thickness in
all areas where the outer layers are to be printed.
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1.3.7 Finishing

The finishing processes necessary will vary from board to board.
Typically, they could include re-flowing the xin-}lead plating of 1hevou!er
layers, masking, stripping the tin-lead f(om lhe_fmgers and gold plating an
edge connector (see Figure 1.35), profiling, which is usually performed on
an NC router (see Chapter 10) but can also be carried out with a profile
template on a freehand router or on a saw, chamfering as necessary,
applying solder resist or legend as required (see Figure 1.36 and Chapter 6),
a final visual inspection, and possibly a 100% electrical test for short and
open circuits (see Chapter 16).

1.4 PRODUCTION VARIANTS
1.4.1 Pillar Plated Boards

The production of pillar plated multilayer boards involves completely
different methods from bonded, through-hole plated boards, although the
processes of plating, etching and printing are basically similar. As there is
no single ‘standard process’ for producing pillar plated boards, all that will
be attempted here is to provide outlines of the various options.

Boards on which all tracks contact one surface can be built up by
electroplating, starting with a non-adherent plating on a flat metal base,
usually of stainless steel. However, a board may be required to carry surface
mounted components on both faces, so that just over half the tracks will
contact one face. Such boards are normally built up by high build
electroless deposition of copper, and can be built directly on a plastic
substrate which will form a part of the finished product. This substrate can
be a thin double-sided printed circuit, with through-plated holes, on which
pillar plated circuitry is built up on each side.

Track layers can be pattern plated, or a panel plating process can be used
in which the entire exposed face is plated with copper to a greater thickness
than is actually required, then the surface is mechanically cleaned and
dressed flat, and the required track pattern is printed and etched.

Similarly, the layer-to-layer pillars may be formed by differential etching
from a thick layer of deposited copper or by pattern plating with either a
resist to define the shape of the pillars or with their shapes defined by holes
in the dielectric laye

Dielectric layers may be applied as unreinforced plastic coatings screen
printed onto the board, applied around preformed pillars without a screen
by squeegee, or by curtain coating. Woven cloth reinforced dielectric layers
with partially cured B-stage resin can be bonded over preformed pillars. The
use of conformal sheets in the press ensures that the prepreg layer is bonded
down around the pillars, and when the resin has cured the resin and
reinforcement over the tops of the pillars can be ground off to expose the
pillars, ready to plate the next track layer. If the pillars are pattern plated
into holes in the dielectric, the dielectric may be in the form of pre-drilled
sheets of reinforced laminate bonded with a low flow or ‘no-flow’ prepreg.
The ‘pre-drilling’ of holes can actually consist of drilling, punching or laser
cutting to produce very small or non-circular holes.
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Some of the production techniques used to produce pillar plated boards
by differential etching from thick layers of deposited copper bear a stronger
similarity to the techniques for producing etched and filled interconnects
than they do to conventional multilayer manufacture.

When pillar plated boards are being built up, it is usually necessary to
dress the surface flat and parallel to the base at each layer, especially when
the dielectric material is applied around preformed pillars. The pillars are
plated to over their required height, and after the plastic has been applied
and cured the whole surface can be ground flat to expose the tops of all the
pillars.

When the pillars are formed by plating into holes in the dielectric layer, it
is customary to continue the plating of the pillars and of the next layer of
copper until the copper layer exceeds the nec sary thickness. This can then
be dressed off to leave a flat surface on which the etch resist can be printed
and to which, after etching and cleaning off the resist, the next dielectric
layer can be bonded.

Layer-to-layer separations on pillar plated boards are usually small,
between 01 and 0-2 mm. If significantly larger separations are required, it
may be necessary to duplicate or even triplicate the processes of forming the
pillars and adding dielectric material.

1.4.2 Buried Via Hole Boards

The most obvious difference between the manufacture of a buried via
hole multilayer and a conventional bonded and through-hole plated board
is that the buried via holes must be drilled and through-plated prior to
bonding, so the inner layer preparation flow chart of Figure 1.25 will have
to be replaced with the significantly more complicated chart of Figure 1.37
or some similar diagram.

1.4.2.1 INNER LAYER PLATING

The processing up to the printing stage is that of a conventional double-
sided board except that the laminate is generally much thinner and may
require special support, and the holes will usually be considerably smaller.
Figure 1.37 shows a commonly used, positive resist, panel plating process in
which the resist, which must be a dry film type, tents over the ends of the
holes to protect the plated barrels during etching.

It is possible to follow the normal tin-lead plated pattern plating process
for double-sided boards on buried hole inner layers, ending with a tin-lead
stripping process as the first step in preparing the laminate for bonding. The
tin-lead cannot be left on the inner layers as the heat and pressure of
bonding would melt it and cause it to be squeezed out from the faces of the
tracks, usually to form multiple short circuits between closely spaced tracks.

Possible variants of the pattern plating process are the use of nickel (or
another metal which will not melt and flow during bonding) as the overplate
and etch resist, or the use of very thin foil cladding on the laminates coupled
with generous plating of the tracks so that a brief unmasked etch will
remove all unwanted copper without reducing the thickness of tracks and
hole walls to an unacceptable level,
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1.4.2.2 LAY UP AND BONDING

Buried via-hole boards may require the use of prepreg with a higher resin
content than that used for conventional multilayers to ensure that all air is
driven out from the holes and that the holes are totally filled with resin.
Whether or not this is necessary will depend on the thickness of the inner
layer laminate and on the diameter and number of the buried holes.

As the diameter of the holes will usually be greater than or equal to the
laminate thickness, resin flow during bonding should not pose any
problems.

In some experiments to establish the nature of the resin flow during
bonding, G. C. Wilson, of Ferranti Computer Systems Ltd., used different
coloured prepreg sheets on either side of a buried hole laminate.

On microsectioning after bonding it was found that in the centre areas the
two resins met in the middle of the holes, but in other areas of the board one
or other of the resins had flowed right through to the far side of the inner
layer. The distribution of this flow appeared to be random, with no
detectable bias towards an ‘upwards’ or ‘downwards’ flow. The use of very
high resin content prepregs and a malleable glass fabric was found to give
good filling of the buried via holes, but tended to produce high side
pressures on the inner layer tracks which caused some ‘swimming’ or
sideways movement during bonding. The gel time and bonding cycle should
be selected to give a relatively long pre-cure period to allow the resin ample
time to fill all holes and expel the air without significant sideways pressure
being developed.

1.4.2.3 PRE-FILLING OF BURIED HOLES

When relatively thick inner layers must be used, or there is a large number
of buried holes or the holes are fairly large, it may be desirable to fill the
holes with resin before bonding the board. A suitable epoxy resin can be
squeegeed into the holes, and after the resin has been cured the surfaces of
the inner layer are linished, ground or lapped to remove all traces of resin
from the copper surfaces. Since the through-plating of the holes will usually
have increased the thickness of the copper to the equivalent of 2 oz foil, the
inevitable removal of some of the copper can be tolerated. This pre-filling
of the holes may also fill the spaces between the tracks on the surfaces of the
inner layer, thus eliminating any risk of the inner layer track patterns
‘telegraphing’ through to the outer layers during final bonding.

On conventional multilayers it is often possible to identify a bonded
blank by looking at the inner layer patterns which have telegraphed through
to the outer surfaces. Any such patterning of the outer layers can make it
difficult to print really fine patterns for surface tracking.

Thus the filling of the holes not only enables a lower flow prepreg to be
used, but can also help in allowing the printing of fine patterned outer
layers and, in addition, it should eliminate any swimming of the inner layer
tracks. Against these advantages must be set the inevitable extra costs of the
resin application, curing, and surface cleaning.
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1.4.3 Sequential Buried Via Holes

ture of sequential buried via-hole boards differs from that
of-ro};edi'r?::lyuga:ried via—hgle boards in_ lhal_, after throughfplatxng the via
holes, only the face of the laminate which will be bonded in the next stage is
etched; the face which will be on the outside of the pair or group of
laminates after bonding will be masked o‘ff and left uqetched. If both _faces
are etched off after through-plating the first level of via holes, the_re v{xll be
no electrical path to conduct the current f_or the next through-plating stage,
and a high build electroless deposition will have to.be_ used.

When electroplating is employed for all levels of via holes, Lk_mse lqysn
which are on the outside of the stack after each bonding operation will be
plated with a further 0-03 to 0-04 mm of copper On_a !‘u_lly seql_mnual
buried via-hole board of six or more inner layers, each individual piece of
laminate will have one face etched after a first plating operation; one of the
first pair of laminates bonded and one outer layer will have !hcxr second
faces etched after two plating operations, and all other layers will have been
plated three times prior to etching. ) .

This build-up of coppér can cause problems in etching unless tl_\c board
has been carefully designed, with coarser patterns on the layers_ whlch must
be etched from the thicker copper. If this has not been accomplished, it may
be necessary to linish or grind off the excess copper on the outer faces after
each bonding operation. 2 .

Some cleaning of the outer layers of the bonded stack will be required to
remove any resin which has flowed through the via holes.

1.4.4 Doubled Boards

Double-double and double multilayer boards suffer the same build-up of

copper on their outer layer: the sequential buried via-hole type Sir?cc
doubled boards are likely to be used for surface mounting components with
pads over the ends of the via holes, it is important that duri_ng the final
bonding the resin from the prepreg flows right through the via hoIes_and
that the surfaces are thoroughly cleaned off to remove any excess resin.

It has been suggested that doubled boards should be bonded with only a
thin release film over a metal plate against the board face, so that the resin
will fill the holes but will not spread over the outer faces, but another
manufacturer has suggested that the use of several layers of Kraft paper
which does allow the displaced resin to spread over the outer surface
provides a more reliable hole filling. Satisfactory boards have been
produced by both methods, but the difference of opinion between two
manufacturers highlights the importance of matching the resin flow to the
press parameters for the final bonding.

1.4.5 Flexi-rigids

The basic processes in the manufacture of flexi-rigid poards are lew same
as those for other types of multilayers, but the necessity of ensuring that
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flexible portions are not bonded to rigid outer laminates and of profiling
portions prior to bonding introduces special steps unique to the processing
of flexi-rigids. These steps are described in Section 20.5. On flexi-rigids with
through-plated holes in flexible tails it can be necessary to plate the pads on
the tails with a solderable finish prior to bonding, whilst leaving the track
patterns with a raw copper finish. This calls for the use of selective plating
or etching techniques, and a typical flow chart for the flexible inner layer of |
a flexi-rigid is shown in Figure 1.38.

1.4.6 Mass Lamination

Mass lamination is basically a service offered to the industry by the
laminate supply houses. Instead of their supplying to the board fabricators
sheets of copper-clad laminate and prepreg, the laminate suppliers prepare a
thin inner layer core for the board, with the etched patterns and tooling
holes, and they then laminate this thin core with the appropriate number of
prepreg sheets and outer copper foils to supply a large sheet of laminate
containing the requisite inner layer patterns ready for the board fabricator
to drill and complete in the normal manner. At the time of writing, the
process is mainly confined to 4 layer boards, although there are some
laminate suppliers offering 6 layer mass lamination, and there would appear
to be no technical reasons why the service should not be extended to cover a
greater number of layers.

The real difference between a mass laminated board and a conventionally
made board lies more in who performs the various stages, and in the point
in the cycle at which the B-stage resin is cured, than in any detectable
difference in the finished product.

One practical effect of the process is that it enables the smaller board
manufacturers whose business would not justi their owning a
sophisticated press to enter the multilayer market.

1.4.7 Semi-additive Multilayers

When the capacitance between the outer layers of the board and the next
adjacent inner layer can be high, the outer layers can be added by screening
or curtain coating a layer of curable dielectric onto an etched inner core (for
a 4 layer board), drilling, and then using a high build electroless copper to
plate through the holes and to pattern plate the outer layer tracks and pads.

Such additive outer layers can also be applied to bonded stacks of four,
six or more layers and, where overall thickness of a board must be kept
down, can provide a very useful means of adding pads-only outer layer
patterns to avoid any risks of soldering problems. The technique is
especially useful on fully screened boards which would normally require
their earth planes on the outer faces. gures 1.39d and 1.3%h show semi-
additive builds.

1.4.8 Bonding of Heat Ladders

Heat ladders, usually made of copper or aluminium of up to about
1:0 mm thickness, are normally bonded to the components side of an
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otherwise completed board. Since the ladders often overhang the ends of
the boards, they cannot be bonded in place before the board is profiled.

The heat ladders may be milled, punched or etched to shape, with
clearance holes for all component legs. Copper ladders are usually nickel
plated prior to bonding, and aluminium, which must be a soft, ductile
aluminium if warping of the finished assembly is to be avoided, should be
anodised. Both the board and the heat ladder should be provided with holes
for locating pins, preferably in two opposite corners.

The ladder is bonded to the board with two sheets of ‘low flow’ or ‘no
flow’ prepreg. These sheets are cut to match the profile of the heat ladder,
leaving about 0-1 mm plus any tolerances over size all round to ensure that
there can be no possibility of the metal ladder touching any live tracks or
pads on the board face. The prepreg will usually be shaped with a ‘one shot’
punch tool, although for small quantity runs it may be hand cut with a knife
against a thin steel template. Where the heat ladder consists of long parallel
strips to lie beneath the bodies of rows of DIPs, the prepreg sheets may have
narrow joining bridges left at intervals between the strips. These bridges are
removed with a sharp knife immediately before bonding.

The bonding is carried out at a fairly low pressure, generally at about
150°C, giving a slow melt and cure which minimises any risk of distortion
of the finished assembly. The steel tooling pins used to locate the heat
ladder and the prepreg to the board are knocked out after the assembly has
cooled.

1.5 BUILD AND THICKNESS

The design of a multilayer board may involve strict electrical
requirements for careful control over dielectric thicknesses and track
widths, in which case the board designer will usually have established the
build and method of manufacture at an early stage in the design. Equally,
however, the requirement for inter-layer spacing may. be quite relaxed,
possibly of the form that certain spacings may be minimised (or maximised)
to conform with the most economic manufacture within a given overall
thickness. In cases like the latter, a number of options are possible.

1.5.1 Prepreg Layers

The minimum separation permitted between bonded inner layers is
determined by the need to use at least two sheets of prepreg to avoid any
risk of a pinhole or defect in a single sheet causing an internal short circuit,
and by the need for prepreg to be of sufficient thickness and resin content to
guarantee adequate resin flow during bonding.

The normally used thicknesses of prepreg are 0-1 mm and 0:06 mm, so
that with the minimum of two sheets separations of 0-2 mm or 0+ 12 mm are
achievable. The thinner prepreg sheets are often regarded as non-standard
and are not so widely used as the 0-1 mm material. A rule of thumb
sometimes applied is that the thickness of prepreg used should be at least
twice the thickness of copper tracking on the faces to be bonded.

Thus two opposing faces with tracking etched from 1 oz copper should be
separated by at least 0+ 14 mm of prepreg; a single face with tracks plated up
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i as a buried via-hole inner layer, to be bol_’ldcd
paihe «cqmvz}li:c?:dzlzﬁi?;g. also requires 0+ 14 mm of prepreg, whilst a
L e ?1 lated layers bonded together requires 0-28 mm of prepreg.
palr Of' sucl lihe mixing of 0-06 mm and 0-1 mm prepreg in one bond is
()meus y'f only since it complicates the specifying of the board gnd the
undes:xrable. :he simplest practical bonding usable under the rule of thumb
smckmg,taoo track layers is two layers of 0-1 mm.
s tion of the bonding layers to be used should also take into
Specmcha I(d)ensily of the etched patterns on the faces to be bonded. A
g which has only a few narrow tracks will give rise to very high
uack.pattern ures over the tracks; the metal pattern will thus be well
o the prepreg sheets and the resin will flow easily to bond the
i mm(he lricks On the other hand, an earth or power plane layer
o betw_eeln metal, an& the local pressure on the prepreg will consequently
Wl”v}.)e mal;r:hylower ,It is not uncommon for an extra sheet of prepreg to be
E:ll\c(éyur;\in bonds between opposing planes over the number specified
between track layers.

The presence of pre-drilled holes in inner layers, as in a buried via-hole or

flexi-rigid board, will also influence the number of sheets of prepreg to be

utilised.
1.5.2 Board Thickness

The overall thickness of a multilayer board is the sum of the }]?}Cvknc”Cﬁ
of the rigid inner layer laminates, plus the prepreg layexs,'lmvsud sma
allowance for resin flow which can usually be_ ignored, plus a1‘1 ‘d owix?cle
for the copper on the inner layer faces. It is this last term of the sum which

an cause uncertainties.

CA?!'L[ahl:ei;ncr layers carry only isolated tracks and the prepreg layers al;e
fairly thick, then the copper will embed itself into the prepreg and can hg
ignored, whereas earth and power pl»ancs cannot become embedded in the
prepreg and their thickness must be included in the overall sum.

Between these two obvious limit cases there is a wide zone of uncertainty
in which the thickness and density of the track l?aycrx e‘md the nature of the
layer which opposes them on the opposite side of the bond must be
considered, together with the resin content of the prepreg and the press
parameters to be used. Experience and practical tc‘s(mg supply the _bcs[, or
probably the only, guides in these areas of uncertainty. A good_ designer or
planner should know whether or not to include the copper thickness of a
given layer. .

I manufacture of boards on which the overall thickness needs
to be tightly controlled, it may be necessary to do a trial pressing to
determine the optimum build, since the sum of the tolerances on the
thickness of the individual inner layer laminates can exceed the total
tolerance allowable on the final thickness.

Fortunately, the most common need for a tolerance on the overall
thickness of a multilayer board lies in the edge connector area, where the
inner layers will probably carry earth and power planes to maintain line
impedances into the connector areas, but the inner track layers will usually
carry very few, if any, tracks.




50 Introduction

1.5.3 Practical Builds

1.5.3.1 FOUR LAYER BOARDS

For a four layer board 1-6 mm thick, the classic build comprises two
pieces of rigid laminate each about 0-7 mm thick, each with one inner layer
pattern etched on one face, bonded together with 0-2 mm of prepreg
(Figure 1.39a).

This build offers the advantages of simplicity and the highest practical
dimensional stability of the inner layers, which are etched on relatively thick
fully cured laminate.

If the separation of 0-2 mm of prepreg between the inner layers is
considered excessive, the inner layers can be etched either side of a piece of
0-1 mm clad laminate, which is then included in the centre of the build.

‘When mass lamination is used, the build will be as shown in Figure 1.39,
with probably seven layers of 0 1 mm prepreg and an outer copper foil each
side. Such a build can equally well be used by a board manufacturer, but it
is probable that some board manufacturers would prefer to use two layers
of prepreg each side of the centre core with rigid outer layers of single-sided
laminate 0-5 mm thick (Figure 1.39c).

This type of build involves the stacking of three pieces of rigid laminate
and four sheets of prepreg against the two rigid layers and two prepreg
sheets of the simplest build and, since the inner layers are etched on thin
laminate, problems of dimensional instability may arise. It has the
advantage that both sides of the inner laminate are etched, and the single-
sided outer laminates will not require any etching. The material for the
outer layers should be purchased as ‘split laminate’ or ‘texture finished’
material, which needs no special treatment prior to bonding. Ordinary
single-sided laminate material has a glazed surface to which it may be
difficult to bond satisfactorily.

Figure 1.39d shows the build of a semi-additive four layer board (see
Section 1.4.7). It should be noted that in the diagram the layers shown as
prepreg are actually an unreinforced dielectric, screen printed or curtain
coated onto the blank. The outer track patterns are formed directly by the
high build electroless copper.

If the layer numbering used takes into account the side of the piece of
laminate on which the layer is printed, the four layer builds shown in b, ¢
and d of Figure 1.39 should be numbered as 6 layers with layers 2 and 5
missing.

The importance of determining the build before the filmwork is
completed and of ensuring that the films for the inner layers have their
emulsion on the correct side cannot be overstressed. Precision boards
cannot be produced if attempts are made to print the track patterns with the
film emulsion out of contact with the resist on the laminate face or with the
screen resist.

1.5.3.2  HIGHER BUILD BOARDS

Figures 1.39e — h show how a six layer board can be built from three rigid
laminates with two bonded zones; from two rigid laminates, one bonded
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zone and prepreg to outer copper foils; from two double-sided and two
single-sided rigid laminates with three bonded zones; or from two rigid
laminates, one bonded zone, and additive outer layers. It §hould be noted
that 1.39h with the additive outer layers is a two stage build on which the
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outer dielectric layers are applied after the inner laminates have been
bonded.

The choice of build will normally be determined by the dielectric
thickness required; the copper thicknesses on the bonded faces; the
dimensional stability of the inner layer laminates, bearing in mind that
laminates over 0-3 mm thick usually yield less instability than thinner
laminates; the properties of the prepreg to be used; the finished board
thickness required, and the bonding parameters to be used.

The four basic builds of Figures 1.39e—h can be extended by adding
extra pairs of layers to cover the required number,

Above eight or ten layers, the inner laminates will usually be about the
same thickness as the prepreg unless the board is fairly thick. With 0:2 mm
of prepreg and 0-2 mm laminates, eight layers are the maximum that can be
usedonal-6 mm thickness, rising to 14 layers if 0- 1 mm rigid laminates are
used with two sheets of 0-06 mm prepreg per bond, and possibly two sheets
of 0-1 mm prepreg between power and earth planes.

Four and six layer boards tend to be fairly well balanced in their build,
with clear pairings of layers on either side of the centre of the board,
although all too often it is found that a designer has neglected to balance the
patterns on the individual layers.

Above six layers the build may not be so well balanced, and it may be
desirable to have one or more ‘missing layers’ in the stack, with some layers
printed and etched on single-sided laminate, in order to keep the patterns on
the inner layer laminates fairly well balanced. There can be no hard and fast
rules to cover such cases: the board designer and manufacturer must
collaborate very closely to achieve the best result possible.

1.5.3.3  BURIED VIA-HOLE AND FLEXI-RIGID BUILDS

Buried via-hole boards and doubled board types follow the same basic
builds as plain multilayers, with buried via-hole boards usually having
single clad or foil outer layers as in Figures 1.39b, 1.39¢, 1.39f or 1.39g.
Flexi-rigid boards introduce complications in the need to bond some areas
and not others, and in the cover coats necessary for flexible portions. These
requirements are discussed in Section 20.5.

1.6 HANDLING THIN LAMINATES

The thin inner layer laminates used in the manufacture of boards of over
six layers are flimsy and flexible compared with the 1-6 mm laminate used
for most double-sided boards, and the flexible layers for flexi-rigids are
almost devoid of any inherent stiffness. Thus the inner layers for multilayer
boards are prone to damage during manufacture unless special precautions
are taken in their handling. The risks of surface contamination from
fingering the laminate or from laying a piece of laminate on a dirty surface
are common to all types of board manufacture, but multilayer work
introduces further hazards of mechanical damage.
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1.6.1 Storage and Transport

4 flat and totally supported over their entire
Lam”“alils [nlglz;sl;cl:‘gglc:n:éaar ;arcel of cut pieces of ]amiqale_on top of
prae (e)l while it is being opened, so that as the wrapping is updone
smaller pﬁths of the stack can fall away at one outer edge. Rule 1 for the
the onver Sr? ner layer laminates is that clean, flat surfaces large enough to
P I{n est pieces of laminate to be handled, plus space for_ any
ol e ‘;rg ndone, must be available at every site at which the laminate
e (ZI (e:Iuln mos’( production facilities the need will be for three such
o han( t?llminznes awaiting work, one for the laminate being handled,
g Dne{ OIfi ished work. Space can be saved by the use of_ shelves or
o o;u)ld .incoming and finished work, but it n essential that all
g;)e“r?tlsor[soinvolved be trained to ensure that the ;hclt is crlear an? Uc[l]etzg
i i is placed on it. The use of open-fri
= anz pl:zscl?c (:rfalin;‘t{‘z;:epr‘ip?iatc size for the board being made, on
::giocie:]ooslagk bicces of laminate and carry them from work station to work
i ist i idi mage.
smi‘"‘}?:écf;[?e?s;:i;’a‘:esa\é?l;lt::eglsdgr la%nina(e can be prole]c@edrrrom ;cr:]a;:is
and abrasions by sheets of i_merleavmg Kraft pzpfer orfr:[:?dgsa[m:ndpme e
Any such interleaving mater!al must be gle_an anix ree o be’vcrv e
use of old and often contaminated plastic inter! eavmgﬁ o d b yery finnly
discouraged. The material storage area for inner la)er‘ aminates : sl
ite large with a considerable number’ of shelves to :
li‘iatyfir:-:;[ 'ljzfnﬁx‘::llt‘i unj cladding thicknesses, and care must be taren‘ rltvt:;
to store full sheets on top of cut picces. The stored laxmna?eﬂn?.\lu hn‘u: b
allowed to overhang the edge of its shelf, as corners are very easily ben
or broken off.

1.6.2 Cutting

The first hazard encountered by the laminates when they are d_( awn (mn;
store is the guillotine. This must be properly set to cut the thin n\?(?ﬂljﬂ
cleanly without any risk of folding it bcmccx} the blades, anq it \n;,u“-d,f\
offer adequate support to the piece hcm_g cut from the sheet _H Ehg ‘dn‘lmdb(:
is simply allowed to fall to the floor behind the machine as it is cut, it f.dﬂ g
bent or kinked, and the glass fibres may be broken or ihe_ smlage copper
distorted so that it becomes impossible to make a clear print on it.

1.6.3 Picking Up Thin Laminates

Transferring the cut laminate from the guillotine to a tray or trolley is not
too difficult as it still has copper on one or both faces, which helps to add
stiffness. Thin polyimide based laminates or large pieces of thin epoxy-glass
can, however, be kinked if they are picked up carelessly. . ‘

Attempts to hold a sheet of thin laminate as one would a piece of paper,
with a slight curve forced in by a thumb on one Sl(llc pressing d_nwn between
two fingers on the opposite side, will almost invariably result in ‘cump_ound
curvature as the far end of the sheet sags down, and often a kink will be
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formed in the centre of the sheet. Such a kink may be almost unnoticeable,
but it will be permanent and will usually be sufficient to prevent a printing
film from making the essential close contact with the resist-coated laminate.
The kink may even be deep enough to affect the local adhesion of a dry film
resist.

The pi of laminate should be picked up with two hands, and allowed
to sag to a natural catenary curve which will not kink the copper and will
minimise the risk of breaking the strands of glass.

1.6.4 Conveyorised Machines

Conveyorised machines designed and built to handle 1-6 mm laminate
can cause problems if attempts are made to use them on thin or flexible
material. The leading edge of the laminate can fail to ride over a wheel or
roller, and flexible inner layers can become completely wrapped round a
roller. The thin materials can be fed through such machines by taping them
to a normal thickness leader board, but then the laminate can sag down
between rollers allowing etchant to collect in puddles on the upper surface.

Machine manufacturers are aware of these problems and more modern
equipment is available with rollers or conveyors which cope with thin and
flexible laminates without any problems. The smooth operation of even the
best conveyorised machine is liable to be disrupted if the laminate has been
distorted by careless handling, for instance if one corner is bent down. With
cleaning machines, the best practice is usually to feed the blanks into the
conveyor at an angle so that the machine has a gradual start and finish.

If boards are fed square on to the rollers there can be a tendency for the
back edge to ‘flip’ down as it passes from under the working heads.

With mechanical cleaning of laminates, excellent results can be obtained
by using a rotary brush cleaner with wet pumice, with the laminate resting
on a flat, clean, stainless steel bed. If the bed is cleaned and the laminate is
laid on the wet bed with a slight rolling down to exclude all air, surface
tension effects will hold it in place against the brushing action. Cleaning and
rinsing can be followed by drying in a conveyorised infra-red drier.

1.6.5 Plating Fixtures

Through-hole plating in thin laminates must be performed with rigid, all-
round framing holding the laminate flat in the bath. Excessive agitation
should be avoided as this can overstress the centre of a large laminate and
cause stretching and distortion. The material can be clamped into special
plating frames, or an all-round pinning system can be used

1.7 RELIABILITY OF MULTILAYER BOARDS

It may seem that as a multilayer board is a purely passive component
there can be little or no possibility of failure. Generally speaking, if the
boards are properly designed, well made, and carefully handled during
assembly and testing, this is true, but there can be pitfalls for the unwary
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1.7.1 Delamination

mmonest cause of complaints regarding the unrelnabgllt_v
Pm?la'lbzlyetrhcbggrds is delamination, especially during wave soldenf\g.
& e ({vo possible causes of such delamination: inadequate care during
Themfarceture and improper handling during assembly and soldering.
maE“:ceassivc (‘)xidalion of inner layer copper, especia!ly on earth or power
lanes. .can cause low bond strengths as the over-t!nck film of oxide will
Ll owdery deposit which can be rubbed off the copper prior to
[0”2\': pThis should not be allowed to occur in a \lvell-run factory.
ll’::nrlre%:.lly set press parameters or the use of a prepr.cg wng EOO ll]Lskloe r::lsr;
content or poor flow characteristics for the press f:ycle used can ? [ -
k bonds. Again, this should not occur if board manu acture
W;? uately controlled. The most common cause of delamination during
:nafs soldering is moisture al;sorption, The lhcrrnpl shockdofhtheesl:]ol:ia‘r]d
entering the solder wave vaporises any absorbed n-_mxsturer“an. lke Sr‘ bondg
steam pressure will blow the board apart at the line of the wea ;: bor o
This failure mechanism has been reco_gmsed and widely fepo}l“\e s{np e
late 1960s, but it is still possible to find assembly shops where i\ ]sfore
appreciated that the boards can and do absorb moisture a'nd m‘udsl there re
be oven dried, usually at 120°C, prior to sgldenng, and that m;l ‘r)‘ "“ig-r?mm
oceur virtually immediately before s;n]delx;ng, The best assembly cycle is
onents, then dry and solder. .
mOMUZ:];];fﬁtrﬁIa)yer boards find application in gnililary cnwrcnmex;&s wlhere;
all components must be capable of withstanding temperatures O at ;ash
120°C. In non-military work, where there may be components w |<:d
cannot withstand baking at 120°C, any such componelglsrisrl‘;ould be inserte
i iately after drying the board prior to wave soldering. .
lml;n::r‘ds cyomainingypglyimide layers, either flexi 1g1:_1 or all-polyimide
boards for high temperature applications, are particularly prone to
delamination caused by absorbed moisture if lhey_ are not properly dried
before soldering because polyimide can absorb significantly more water
y-| S.
m?’?cle:rg}i(rza;gils: should not be regarded as an inherent cause of failure, but
as an indication that something is wrong in board man\lleclure or, more
likely, in assembly. It should be noted that moisture absorption b\
polyimide or epoxy-glass is quite norma],_and the electrical properties
quoted for these materials allow for the moisture content.

1.7.2 Outgassing

Outgassing which causes blowholes in mass soldered joims can be_ found
on all types of through-hole plated boards, its basic cause bel_ng the
vaporisation of liquid or the release of gas within the solder-filled joint.

Thus, absorbed moisture in a board can cause blowholes in the soldered
joints although there may be insufficient moisture to lead to delamina‘mm\.
Other causes of blowholes in joints are processing chemicals adsorbed in the
walls of the holes during board manufacture, unevaporated. flux solvents
trapped in the holes by the solder, hydrogen adsorbed by the metal in the
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hole barrels during plating, and partially cured resin in the laminate or in
the bonded prepreg layers.

Flux solvents can be eliminated by careful control of fluxing and
adequate pre—heat on the wave soldering machine; partially cured resins and
absorbed liquids are eliminated or minimised by properly controlled board
manufacture. Outgassing during mass soldering has been studied since the
early 19605,‘hut opinions on the subject still vary widely.

So_me engineers accept a small amount of outgassing and the formation
of minor blowholes as inevitable and acceptable, arguing that the blowholes
selqom lat.‘fect more than 10% of the effective soldered joint area. In a
prxcal joint in a board 16 mm thick, there is probably over 2 sq mm of
Joint area unaffected by a small blowhole, which is usually a greater area
;:T}::n v:o:ld be designed i?j as ?reﬂowed joint to hold a comparable surface-

unted component, and is far gre joil
SR Pt R greater than the joint area would be on a
. plhgr engineers argue that the presence of blowholes in the soldered
joints indicates that there must be pinholes or cracks in the plating in the
hole barrelg through which the gases have escaped from the laminate. These
arguments ignore flux solvents, and also do not take into account the fact
that most board manufacturing specifications do allow the presence of
small defects in the hole walls.

Whe{lever b]_owholes or outgassing are experienced, it is recommended to
take microsections and to investigate all possible causes before deciding
whether the situation can be tolerated, whether suspect joints should
undprgo a manual touch-up process, or whether steps should be taken
during board manufacture to eliminate the causes of the outgassing.

}f boards are purchased from a reputable manufacturer, are properly
dried, coated with the correct amount of a good flux, and are given

adequate pre-heat treatment before soldering, outgassin
3 shoul
to be a problem. ¢ € B sl grove

1.7.3  Short Circuits
1.7.3.1 DESIGN AND MANUFACTURING FAULTS

If board manufacture is not efficiently controlled, short circuits occur
because of inadequate care in printing and etching, overplating, or as a
r.esuu of metallic inclusions in prepreg layers. Poor design can cause short
circuits where tracks on adjacent layers cross with only a single sheet of
prepreg called for between the layers, and shorts can also occur where hole
ba}rrels are allowed to pass through gaps in internal planes or between tracks
wu!loul a pac! round the hole. Moreover, short circuits can be formed if the
designer sp_eclfies a black legend and this is applied over the surface tracks
or p::\ds wnh_ an ink which contains carbon black. None of these short
circuits constitutes an inherent reliability hazard; they are, rather, the result
of bad design or manufacture, and as such are easily avoided. ’

1.7.3.2  GROWTH OF SHORT CIRCUITS

There are, however, two mechanisms by which short circuits can form in
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a good board under what can be considered as normal usage. The first is the
growth of conductive anodic filaments within the board. If the board is
used in a humid environment at moderately elevated temperature,
hydrolysis will cause a reversible degradation of the glass/epoxy interface.
If a strand of glass contacts two metal surfaces, such as the barrels of
through-plated holes, which are at different electrical potentials,
irreversible corrosion of the copper anode can occur, and migration of the
conductive corrosion products along the degraded epoxy-glass interface will
occur until a short circuit is completed. It has been calculated that at the
voltages typically used on most multilayer boards this failure mechanism
could produce faults in 50 to 200 years-of use, but at higher voltages
(around 200 V) the time to failure could be just a few years.

This mechanism, which would appear to be unavoidable if a conventional
epoxy-glass board is used in a moderately humid environment, should
actually present a reliability hazard in only a very few cases, and in practical
cases where such high voltages are present the risk can be minimised or
eliminated for normal life spans by avoiding close pitching of holes which
will have high potential differences.

The second mechanism is surface tracking between metal features. This
can occur whenever there is ionisable surface contamination between
features at different potentials and moisture is present. The basic cause of
failure is similar to the conductive anodic filament growth in that it involves
migration of metallic ions; in this case, however, filaments can start to grow
on the cathode as well as on the anode. The surface contamination may be
the result of inadequate cleaning or rinsing during board manufacture, in
which case the cure may lie in the substitution of a spray rinse for a dip
rinse; it may be the result of inadequate cleaning and defluxing after
soldering, for which the cure is to revise the cleaning processes; it may be
that the flux used is reacting with a solder resist coating, in which event one
or the other will have to be changed; it can be caused by careless handling
leaving fingermarks on the board surface, or it may be produced by the
deposition on the surface of airborne contaminants during normal use.

If contaminants are being deposited on the board during use, it may be
possible to alter air filtration in the equipment, or to arrange for heaters
which can prevent condensation of water vapour when the equipment is not
in operation. Alternatively, it may be necessary to consider the use of an
overall conformal coating.

The occurrence of this type of fault is not so much a reliability hazard
caused by the use of multilayer boards as a general environmental hazard.
Similar short circuits could affect other portions of the equipment.

When boards are being processed, care should be taken to ensure that if
there is any risk of undercutting during etching the subsequent rinse will be
adequate to remove any contaminants which may be trapped by the
undercut.

The use of solder resist on the board will not prevent the formation of
short circuits if there is any surface contamination present on the board, as
the polymeric film is not totally impermeable to moisture and the ionisation
can occur underneath the solder resist.

With adequate care in design for use in hostile environments and due
attention during manufacture, this reliability hazard can be regarded as
avoidable.
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1.7.4 Carbonisation

Another way in which a short circuit can form in a multilayer board is by
carbonisation (burning) of the resin base. This can occur when a component
on the board fails and leaves a particular track on the board to carry a very
high current. This high current heats up the track, which then burns the
resin, leaving a conductive carbon path which can spread to an adjacent
track or a track on the next layer up or down. As the carbonisation spreads,
more current paths can be connected until the board is effectively
destroyed.

Carbonisation can also occur when a conductive anodic filament or
surface contamination filament causes a short circuit. If the current carried
by the filament is not sufficient to burn out the filament virtually
immediately, its heat can char the resin and increase the cross-sectional area
of the conductive path,

Carbonisation caused by excess current in a track is a secondary failure,
as some other component failed first and caused this excess current. As
such, some designers accept that it may happen but adopt the attitude that
since the whole board is already scrap the possibility of carbonisation can be
ignored. However, equipments do exist on which the boards can be
regarded as repairable after possible component failures.

In these cases, the tracks must be designed wide enough to carry the
anticipated short circuit current without burning the resin. Figures of up to
10 A per 1 mm of track width are normally used. It should be noted that
tracks which connect to integrated circuits do not require such ‘fail safe’

design, as either the thin aluminium bond wire within the IC package or the
metallisation on the chip will burn out if a short circuit occurs.

1.7.5 Warping

A multilayer board can leave the board manufacturer’s premises flat, but
can warp during wave soldering. This may be remedied by changing the
preheat on the soldering machine but, as it is usually a function of the

design of the board, the correct precaution is to ensure that the board is
designed to be as well balanced as possible.

1.7.6 Damage to Through-plated Holes

1.7.6.1 MECHANICAL DAMAGE

Well-made through-plated holes form one of the most inherently reliable
interconnections possible, but they can be damaged by careless handling.
Some board users are misled by the external appearance of a board with
pads on its outer layers into believing that there is sufficient metal present to
withstand any amount of thermal or mechanical abuse (see Chapter 21).
They fail to appreciate that, typically, the wall thickness is between one
thirtieth and one fortieth of the normal hole diameter.
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1.7.6.2 ZPLANE EXPANSION

Apart from mishandling, the major reliability hazard u.ssom‘?l'ed \vnv}h
through-plated holes is Z-plane expansion. The epoxy rcsm.}llasl dmerlslg
higher coefficient of thermal expansion than the copper of the }‘.ode adrg‘c
so that, as the board is healzd, the ban_'els ol'[ghc i}:;)les are stretched an

2 'm in order to retain continuity.
Cor())r;z:\h;;te[? lieef"r)rfal cycling it can be found that the centres uf the pads on
the outer layers are noticeably depressed. Provided all holcs:lfnblhc ll;\ua;i
have pads on all layers, a well-made mulplgycr hpard will be alv ?r
withstand thermal cycling. However, the omission g)( pads on m'ner dselhsé
especially on power and earth planes, can leave _rcsm—nch rings d;ouT! !
holes, where the resin from the prepreg flows into the gap m, t, ‘e’ LOm:L(;
Jayer but the glass is unable to flow. Such re i -rich areas have dLLLvﬂhlv\ld 51
Z:planc expansion and usually lack some of the micro-rough me‘L :‘IT\‘K.d
key to the plated copper of the glass reinforced areas, so tk}at the stress Is‘n
the hole barrel will be concentrated at the site of the missing pads. Ho =
without pads on all layers can be expected to fail after a limited n_uml‘vu'vo
thermal cycles through the military temperature range, and failure may
'\ after the single thermal shock of wave soldering. Such hole
barrel failures at missing pad sites should be regarded as design-induced
failures and not as an inherent hazard in the use of multilayer board.s. .
The problems of Z-plane expansion are accentuated as hnarfl thickness
increases, and as inner layers are allowed near to the outer surfaces of the
board. Clearly there is little problem with the joint between the hole barrels
and the inner layers of a four layer board which "ould‘usually be clusc!z{
spaced near the centre of the build. As more pairs ot_ layers are afhkl
towards the outer faces of the stack, so the joints will be increasingly
stressed when Z-plane expansion occurs. Pads on the outer layers appear to
be relatively immune from cracking during thermal cycling because both the
resin under the pads and the pads themselves deform under str
However, the pads on the first layers in from the surfaces are unable to
deform in the same way, and the most likely site for failure caused by
Z-plane expansion is at the junction between hole barrels and the pad_s on
the internal layer nearest the surface. Because this is lh? most likely failure
site, some specifications (e.g., MIL-STD-275D) call for the use of 2‘ 07f
(0-070 mm) copper on layers 2 and n-1. It has been suggested that the use o
excessively large diameter pads on inner layers can aggravate such (u{luru
caused by Z-plane expansion because the oversize pafﬂs are held_ more firmly
in place by the areas of resin in contact with them. Since mulula_) er b«mr_di
are normally likely to be used only when there are severe packing density
problems, the use of oversize pads should be unlfk_cl)_m occur, . ‘

Boards with pads on all layers for all holes can fail after wave soldering if
no pre-heat is used and the holes are abruptly subjected to the temperature
of the solder wave. This type of failure is unusual on_well-made boards, and
is easily avoided by adequate pre-heat which will bring the whole board to
above the glass transition temperature of the resin before it contacts the
solder wave.
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Chapter 2
LAMINATES AND PREPREG

. SALLO

Fortin Laminating Col Imar, Californ

2.1 INTRODUCTION

This Chapter will discuss the methods used in mar;u('a:‘]l_uri;‘lg g_las‘sengﬁ
i ill ¢ ntrate on the thin laminal
minates and prepregs. It w_ll] concel ] \ lamy
;arepregs utilised in the manufacture of multilayer printed urcu‘n boa;‘ldas;
The various materials involved in the manufacture of the produuzaf wzble~
manufacturing and testing techniques and some problem and tro
oting areas will be dealt with. ; . )
Shg)l"he ;?rimary product utilised in the manufacture of t_tlllm Ia;pma_lle;?r:g
i i inous material, and the text will confine itst
repregs is an organic resinous maj , and the I e |
{Jhephiggh perform;nce materials empluyed‘m this pro(.luu ardeaé 11{|c_laulci1[|;g
epoxy and modified epoxy materials, polyimide materials and B-Tri "

2.1.1 Use of Epoxy Materials in Laminate and Prepreg Manufacture

Epoxy materials have been used in the manutat\urijof primcdfclr::}:;e]:
[ f years Il as for a wide range of o
boards for a number of years, as we 1 3
applic;tions such as potting, casting an_d structural mgtenals. lr;1 mar;ly1
respects their use in laminate requires dlffere}nln [lJA'Op(-rr[les fr(')rne‘mler?:tf()[
i to the latency requi
other areas. In epoxy laminate, owing ! t ;
B-stage partially cured materials to be available, a l}:ngh lerg])lfralu:dcusré:;
i he material in the partially cu
mandatory. It is necessary that t 4 the | ;
(B-stage) be very stable, and also that during Iammaunrgdand p;'x(c;rplloaciusrg
in wi iqui ble amount of flow t
the resin will become liquid and a reasonal n 2
that air bubbles and other impurities can flow Ol.ll of the prodgu during tk::
laminating cycle. It is usually imponar_u to obFam_guod adhesu_)n to c[oif 5
and other layers of epoxy prepreg during lammaung. Equ_ally 1mp;)r ar .
the fact that the cured product should be inert to a wide variety of c};m:gfﬂhe
including acids, strong bases and solvents such as methylene chk:in_”e_ e
materials must be readily drilled without undue wear Lo‘l:eh ri Sd:réf
possess other structural and flexural properties compatible with the neeAl o
the PCB industry. Boards produced from the epoxy laminate mu,j A
capable of short time exposure to solder reflow lemperalur‘c.» o
approximately 260°C; the epoxy must be able_ to accept clec;n_)le» LO}).?C{
with good adhesion, should not smear excessively during _dnlllng, or, i b‘
does, must be susceptible to chemical smear-removal techniques. It must be
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possible to flame retard the material so as to meet several very stringent
specifications such as UL 94VO. Despite the extreme difficulty of finding
materials capable of fulfilling all these requirements, a variety are available
that will satisfy the needs of the printed circuit industry.

2.2 EPOXY MATERIALS
2.2.1 Bisphenol-A Epichlorohydrin

The most common epoxy materials in this industry are formed from
epichlorohydrin and bisphenol-A. This material is usually supplied in the
form of a monomer or slightly polymerised dimer and trimer to the
laminator for further reaction. Also a brominated version is used to
produce flame retarded material. Some of the effects of the bromine
content will be discussed later in this Chapter.

The bisphenol-A epichlorohydrin reactant requires a cross-linking
member and some catalysts so that it can be reacted in the laminating
process. Normally, the curing material employed by the laminating industry
is dicyaniamid (or dicy). Cross-linking can occur so that the resulting epoxy
will not be merely a straight chain polymer. This cross-linking is very
important, since it produces desirable properties in the final laminate. In
addition to the dicyaniamid or other curing material, a atalyst is employed
to control the temperature at which cure will take place.

2.2.2  Addition of Epoxy Novolacs

It is not uncommon for epoxy novolacs to be added to the bisphenol-A
structure. Addition of these will lead to more cross-linking in the product
with a resultant higher solvent resistance, higher moisture resistance and a
higher T,. T,, the glass transition temperature, is explained in the later text.
The major disadvantage of their use is that etchback inside the plated-
through hole is extremely difficult, if not impossible, to perform
adequately. Many laminate users specify that novolac must not be present
in the material supplied to them.

2.2.3 Control of Flow

A simple epoxy formulation containing the brominated resins discussed,
and a curing agent will result in a very high flow in the laminating press.
Although this type of formulation is often used, it is difficult to control in
the manufacture of multilayer materials. For this reason, a variety of agents
to control the flow of the prepreg are in use. These materials generally
control the viscosity at the melt time so that excessive flow does not occur
under pressure while the epoxy is in the molten state. It is important,
however, that the materials added to control this flow do not give rise to
undesirable additives or unreacted materials in the final product. Most of
the more sophisticated prepregs employed in the manufacture of multilayer
boards contain materials designed to control the flow, control of viscosity
having become a very important factor in the manufacture of multilayer
materials.
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2.2.4 Glass Transition Temperature

An important parameter in considering the characteristics of epoxy and
non-epoxy resin systems is the glass lran:silion temperature, Tr_ This is ll_]e
temperature at which the resinous material appears to ch_ange from a_sohd
state to a liquid state, a change accompanied by a rapid increase in _[he
expansion of the material with respect to temperature. Epoxy mul_enals
exhibit much greater expansion than do other potential materials. This can
lead to hole cracking problems in multilayer boards and to loss of ad‘hcslon
of copper at the solder temperature. The relative importance of these
potential problems depends upon the use to w hich the eventual circuit board
is to be put.

2.3 NON-EPOXY MATERIALS
2.3.1 Polyimide

Despite their widespread use in the electronics industry, the s_[andar_d
epoxy materials have certain limitations, some of the major ones being their
relatively low glass transition temperature (T,) and the faq that they SOflE?’l
at solder pot temperatures and tend to expand greatly at high temperatures.
On this account, several non-epoxy materials ha_ve been dgve}oped in an
attempt to overcome these problems. The oldest is lh_e pplyxmlde material
which became available for multilayer and other applications a number of
years ago. Polyimide materials have a very high glass transition temperature
:md exhibit excellent adhesion to copper at the solder Ifm temperature, as
well as very low expansion in the Z direction, and lherelore h_ave much less
tendency to crack the copper plated-through holes in multilayer bqard‘s.
Polyimides have the disadvantages of high cost, lower copper adhesion at
room temperature, some problems with inner laminar bond§ probab}y_ ca\._used
by moisture, and an inability to meet the UL 94VO ﬂammab}llt)' speclf\galu_)n.
Polyimide materials have been gaining some acceptance in the_ laminating
industry. They are U.S. MIL spec qualified and,_d_espxlc their hlgh cost, are
finding growing use in high reliability boards requiring thermal stability.

2.3.2 B-Triazine

More recently, the BT resins have been introduced by the Mitsubishi Gas
Company. These are a co-reaction of polyimide and triazine. The BT resins
have a high glass transition temperature although not so high as that of
polyimide. They give good inner laminar bonds, go_&_\_d copper adhesion and
an be formulated so as to meet the U.L. 94V0 specification. The cost of the
resin is comparable to that of polyimide. However, BT epoxy blends can be
used to reduce both the cost and the T,. BT resins have not as );c[ recew_cd
military qualification and so are not used in such programmes. L,un_xmercu_al
application of BT resin where Z axis expansion is a problem and high T, is
desired has begun. Additional uses for BT resin appear to relate also to the
conductive anodic film problem which has been found in boards exposed to
high humidities and voltage during operation. An expansion of the use of
BT resins in these areas is to be expected.
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2.3.3 Modified Epoxies

A number of other materials have been developed recently in an attempt
to improve the performance of epoxies without shifting to completely
different types of chemistry such as B-Triazine and polyimide. Among these
are the modified epoxies which utilise different curing agents or different
epoxy inter-linking materials to produce a higher degree of cross-links. A
number of laminators have, in addition, made available proprietary
modified epoxies, some of which have excellent high temperature
characteristics compared with those of epoxy, although not so good as those
of B-Triazine or polyimide. In general, these materials would seem to fill a
need in the areas in which they have been introduced, and eventually a range
of materials from €poxy to polyimide will emerge for selective use,
depending upon the requirement of the printed circuits,

2.3.4  Problems with Brominated Materials

The bromination of epoxy resins has certain attendant problems. The
brominated materials are solids rather than liquids, somewhat more
difficult to prepreg and rather more difficult to put into solution. These
problems have, however, been solved. In order to achieve the specifications
required, approximately 20% bromine by weight is used in modern
laminates. The brominated materials tend to have poorer bonds to copper
than do the non-brominated epoxies and this poorer bond also exists for the
copper deposited in the plated-through hole. For this reason, it is necessary
that the laminators do not over-use bromine as a flame retardant and its use
must be carefully controlled. Furthermore, during thermal cycling it is
possible for the carbon-bromine bond to break resulting in brominated by-
products.

2.4 GLASS CLOTH

Before dealing with prepreg manufacture, it is necessary to mention
briefly the glass-cloth which is used. As Chapter 3 treats the subject more
comprehensively, little attention will be devoted to it in this Section. The
glass style chosen by the laminator will depend upon the eventual thickness
of the laminate desired by the customer along with other requirements such
as dimensional stability and cost. In general, a silane finish is used to couple
the glass to the resin. The nature of this finish may have very significant
effects on the chemical and moisture resistance of the finished product. The
quality of the glass in terms of its structural integrity, mechanical integrity,
and the finish are very important parameters to the final quality of the
laminate produced.

2.5 PREPREG MANUFACTURE

Prepreg is manufactured by pulling a glass-cloth through a solution of the
particular resin system chosen. The glass is impregnated with the resin
system and then proceeds to a heated tower or oven where the solvents are
driven off and the resin is partially cured or B-staged. In circuit board
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lamination, the B-stage material is non-tacky and may be supph_ed' iu 126
c mer for utilisation in manufacturing multilayers. Prepreg will al s0 be
Lus‘lim laminating for the eventual production of a laminate which may be
e “:—clad The impregnation of the glass with the resin is a crucial step
,Cogp:ill dc;‘aend on the glass style, the glass finish, the particular type of
Zr::a[cr head which is used, the solvents, and a variety of other factors.

2.5.1 Treater Types
2.5.1.1 MECHANICAL TECHNIQUES

There are a number of types of treaters used, both mecha‘mcalav_a]nd
thermally. Mechanically, these may be either horizontal U|lt \‘l‘em_?lal. ul[ 118
typical vertical treater 10 metres high, the impregnated g d?ls‘wl' Ig& ;l)“
metres through heating devices, pass across two to four rol ‘(,rs d‘ .e : p6
which may be chilled, and then come down the .ol}.lcr side tn ‘Ln"l‘ulgth:l
finished prepreg. A horizontal treater may be of similar lengt .‘ L)EE.(:]')- e
the prepreg is stretched from one C“fl of the oven to th: oll;ju.‘ "Lm:[en);
speaking, better control of the stress imparted to the glass an rL;m BE tEm
can be obtained in a vertical tower, and it is usually easier ;10 ruf] mer[s n.v
through a vertical tower than a hor!n_)_mal one. However, t evrT tuedso‘ “_i”yl
modifications and drive systems available on both h(m/,«)nla. ‘m‘ VLT{K_d
treaters that it is almost impossible to generalise about which is better for a
particular type of epoxy system and application.

2.5.1.2 THERMAL TECHNIQUES

There also exist a variety of techniques f_or introducing [l?e reg\l.u"ed‘hef]j
to the resin system, the most common bcm.g forced air. ].hC air is h(i ]L a
externally to the large oven used in prepregging and then driven through the
oven, u.\'uzllly countercurrent to the movement of the prepreg. !hc main
problem associated with this type of heat is [h_e elimination 9? solvem}:
without blistering and the eventual B-staging which must be u!_lliorm‘ bot
across the web and along its length. Another type of heating which has been
used very successfully is infra-red. Although it is extremely difficult 1(} USLI
because various wave lengths can have very d_lsslmllar effects up‘oxl‘ tvhe rﬁ‘n?‘
prepreg, one advantage of infra-red heating is that it has a-m‘]fj}“qu-:jur s;in
the glass rather than the resin with the result that the prepreg is heated fr
the inside out. When prepreg is produced in this way, it is possxbl_u for it }m
have a very low volatile content since volatiles will not be [L‘app‘ed }r}s{de_lr he
prepreg by the skin curing prior to the internal parts of the prq"\% Lu[;‘:gil:
Those groups which have mastered the infra-red techniques attest to ! el-
considerable value in making high quality prepreg with very low volatile
content and very carefully controlled gel and flow times.

2.5.1.3 OPERATING CONDITIONS

A variety of treater conditions are used in the manufacture of B—s!agedl
prepregs. The majority of ovens, either horizontal or vertical, have several
zones and it is possible for the first zones to be cooler than subsequent
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zones. This may be arranged in order to volatilise solvents more slowly so as
to prevent the occurrence of blistering. The speed of the treater is also a very
important condition for the prepreg. Although from a production point of
view it is highly desirable to run the treaters as rapidly as possible, better
results are sometimes achieved with very slow treater speeds. This may be
particularly true when very good dimensional stability and flow control are
required. Slow treater speeds may also improve impregnation and lead to
other desirable characteristics in the finished product.

One common problem is that associated with pollution control. It is vital
that the solvents emitted be burned off or trapped for eventual recovery by
distillation. The use of these techniques often retards the flow and escape of
solvent from the system and causes gross differences in the operating
conditions of the treater.

2.5.2 Process Centrol

Process control in prepreg manufacture is extremely important and it is
essential, at intervals during the run, to cut pieces in various places along
the width of the moving web and test them for gel, flow, resin content,
volatiles and dicy crystals. This must be repeated frequently enough to
ensure that changes are not occurring during the length of the prepreg roll
which may cause deviations in the type of properties obtained in the
product. Any change in glass, resin, speed or temperature of operation
should necessitate another check of these parameters.

Recently, the use of scaled flow testing, which will be discussed in a later
section, has led to great improvements in the ability of the laminator to
control his prepreg product due to the improved nature of the test.

2.

3 Prepreg Testing

Prepreg testing is a delicate art with many skilled practitioners. Testing
for gel, flow, resin content, volatiles and dicy crystals is usually considered
sufficient. Sometimes other parameters such as adhesion to copper and
exotherms and endotherms during a cure are also evaluated. This Section
will review some of the more straightforward test procedures before
discussing some of the newer thermal techniques

2.5.3.1 GEL TIME TEST

The gel time measurement is widely used in determining the potential
reactivity of the prepreg material. As a test it is very difficult to repeat from
one facility to another, owing to the strong effect of minor differences in
technique. However, a skilled operator in his own facility, utilising the same
equipment each time, can reproduce gel times within +5 seconds. Despite its
shortcomings, it is still recognised as the best test available for determining
prepreg reactivity. Typically, the test is conducted by taking a known
amount, preferably weighed, of powdered prepreg removed from the glass.
This material is placed on a hot plate at a predetermined temperature,
usually 171°C, It is very important that this temperature be maintained
accurately, and that the same part of the hot plate, press platen or heating

47

Laminates and Prepregs 67
tage be used each time as temperatures normally vlary ahcm S [?scilu;‘;'alc}fe‘
L5 inati f ir ci ts is also essential to the accu
imination of stray air curren ssen .
lﬂgf e/l\l clock is started as the prepreg material ISIFIaCEddon l!xeulzé)é lp;e;t'?r
b melti vder, a stick, usually wooden, is us
uent to melting of the powder, a X ally i
SUb»Sveoqu the melt. The rate of stirring, the size of the stick, afxfi :l:r:
wl osition of the stick, in particular whether it is thermally condum_vc o
Lom—ionduclive, will have a significant influence on the r_esu_lls ?‘l;_la_meu.
?712 el time is arbitrarily defined as that time when the resin ISI sul ;)clenié
‘lickf’ or tacky to break as it is pulled in strings flrom the hot p) ali. Vee;[;en
.’1. relative inaccuracy, this test continues to be widely u_sed. Teslrs <: e
‘sdggesled involving more sophisticated eqmpmemhmakmg usde ue:;hims
i i ture endotherms an: 2 i
ctric constants or lempe_ra 3 .
fj‘ﬁ]{zrluna\ely, it is almost impossible for the mdvusvtry to stang{ardlsel oann;ni);
of these tests which require expensive or sophisticated equipmen
seems likely that the gel time test will be in vogue for some time.

2.5.3.2 FLOW TEST

important parameter in prepreg testing is flow. Tt}ls test is run
vat:I?il:gera mfmber ofpp]ies of prepreg which have been carefully \;e:fg}:ﬁc:
after being cut to a predetermined size (the size chosen having rae ;a e
effect upon the results). Typically, these pieces of preptrcg ala[ensznd
together to prevent shifting and are then placed betwgen }\;v_o lihe oLz
pressed in a known temperature pressure cycle. F.ollowu}g t! hls, 1‘10\Sedpou(
pieces are again cut to size, discarding that portion v\_/luch ..as e ot
beyond the original size of the stac_k-up4 The original S!L;lséla\c"idegby
reweighed and the flow percent is deﬁ_ned as the second weig i : et
the initial weight times 100. This test is subject to many variables
results are of somewhat questionable value.

2.5.3.3 SCALED FLOW TESTING

Recent work by the Bell Telephone Laboratories and Wuslcm. Elec\n‘t I‘i‘:
led to the adoption of a scaled flow test method for testing g‘t Dr,ef.nw 4
this method, the final pressed thickness of a test la_mma!e is made to be
identical to or related to the final pressed thickness in production. lig s
done by scaling both the size and th:: pressures used down [f) appr(?)i e
values for laboratory test. This necessitates the use of very low pres?x:x ve: 5
incoming inspection; however, the results have shown a‘spull{x;u d]l:
improvement in the ability of both the laminator nqd_ the mudxayn
manufacturer to control their proces: Prepreg utilising :c.ale d%\\
testing to predict ultimate pressed 1hickr3§w has recently been umoducleh dy
Fortin Laminating under the name CRC® Prepreg. The general test met T} ,
based upon the results achieved in proc_lucnon studles_, is far s\flpler‘\or loanuv
use of gels and flows and it is ann_cxpalcd that this test w‘!' ‘eventually
replace gels and flows in prepreg testing for multilayer applications.

trademark of Fortin Laminating Corporation
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2.5.3.4  RESIN CONTENT TEST

The resin content is determined by taking a weighed piece of prepreg,
placing it in a very hot muffle furnace with a surplus of air available, and
burning off all the material capable of being burned. The remaining glass is
then cooled to room temperature and weighed, the resin content being the
glass weight divided by the original weight times 100. Resin contents are
usually quite repeatable and the measurement is accurate, It is a useful
process control in determining the pick-up across a wide web of glass being
impregnated with resin system. Resin content testing will also help the
multilayer manufacturer to know the eventual thickness of his board.
However, it must be combined with the knowledge of scaled flow test
results in order to be of real use.

2.5.3.5 VOLATILE CONTENT TEST

Volatile content is determined similarly to resin content, although a lower
temperature is used. The measurement is therefore quite arbitrary since the

y speaking, the results can be quite
meaningful. Normally, prepreg should have less than 0-5% volatiles and it
should be borne in mind that water will be considered a volatile by this
method, since it has a lower boiling point than some of the solvents used in
prepreg manufacture. Consequently, the exposure to moisture of the
sample, prior to the test, can be a major factor in determining the volatile
content as measured in a multilayer manufacturer’s facility.

Volatiles are one factor in determining flow. A prepreg with a relatively
high volatile content will have relatively high flow. Unfortunately, if the
volatiles are lost with time, a dramatic effect upon flow will result leading to
an instability in the prepreg greater than that which might be anticipated by
the normal ageing of the product. For this reason, prepreg with a very low
volatile content is preferred and it is better to control flow with methods
other than the high volatile one.

2.5.3.6 DICYANIAMID TEST

Dicy is normally used as a curing agent in epoxy laminate systems. Itisa
white crystalline solid which is initially dissolved in the prepreg system. As
the solvents are driven off in the treater, unless special precautions are taken
dicy crystals will appear in the prepreg. This gives rise to several potential
hazards in multilayer laminate production. One of these is that the
segregation of the dicy into crystals may leave other areas of the prepreg

with a very low dicy concentration, and may lead to sections of the laminate
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y: but remain evenly dispersed
not be allowed to form cr.ysla]s ; 1L Eye i

f]l:f:\ighoul the product. Testing for dicy crystals lshreadx‘:y agcgrxggjxii:);

jewi lane polarised light, where they wi s S

o =1 d. Whilst a certain level of

i articles against a dark background. I

\dvizly‘gnizmid crystals is considered acceptable, excessive amounts can cause

very serious problems in the laminate.

2.5.3.7 TEST FOR AGEING

Another problem associated with prepreg testing ;onﬁ;n:d?; 2%2;‘;5 c;f
ix months’ i
epreg. Normally assumed to have a six :
ls}zecp;)rzpfeg should be tested by the multilayer manufdactu_rer tl(};ol:;ereiellpi;
i i time, should be retested prior use. I
and, assuming some storage time, sh o et e
i i is maintained in a cold environ: 1 4
important if the prepreg is 0 A C ! U e
hich to stabilise prior to 2 D
at least a 24 hour period in W/ ) g 2nd pries
i Id be protected as much as p 3
se. Prepreg during storage shoul t c b
lm():islure il?gress and other possible atmospheric contaminants. This is best
achieved by storing in a sealed bag.

2.6 LAMINATE MANUFACTURE

The manufacture and use of thin copper-clad !axﬁixlalieslh\;;l\l'v:;;\‘:h?;:‘
i i i de from prepreg similar to
considered, the laminates being max el e
i i The laminator may choose to use diffe ¢
e i His prepreg will usually have a
f and prepreg. His prepreg h !
for the manufacture of laminate : reawillusua 1y havee
J y 2 t viscosity so as to make the
controlled rheology and melt poin e
i s easier f¢ ircuit board manufacturer. However, d
multilayers easier for the circuit t L f o e e
ily i i ts in laminate for his own pi 5
necessarily include these ingredien r e
i i for manufacturing laminate
since he may have other techniques | g laminate o, o
i i systems. Provided that the nats bel
expensive and simpler prepreg ¢ L AL D e
imi! i i ther required characteri: 2
imilarly in etchback, drilling and o o :
chep\aile procedure. After the manufacture of the Ilammzle, a r;tusmii:]er[ﬁé
i chec| e eventual good resul
roperties need to be checked to ensur i
;a:ul‘acmre of the finished multilayer board_. A variety of i‘hes;asslss and
properties will be discussed as they may pertain to actual use in PCBs.

2.6.1 Influential Parameters and their Measurement
2.6.1.1 DIMENSIONAL STABILITY

Probably the most impDrlZ‘ijnl par_amelzsrlnl;_]li{l; rg;n:xlfi::cli:rfn::mgcic})‘ri

ali tilayer boards is dimensional stability. .
2:::‘:; ir:‘:llxel d)i'mensions of the board after etching and ‘.)?knilg. Idl Sx:mljklj
first be considered why this problem arises. Prepreg is pdace Alnathe
laminating press with sheets of copper typically oT\ boll? .\A‘;S ?imc e
heated under pressure until the resin melts and flows. I?unng }isl ‘“cr,mte
copper is allowed to expand along with thc‘prepreg but at a(mucA L gt
because of the differences in coefficient of thermal expansion. lj ;‘» o
point, the prepreg cures and bonds nself_lo the copper, and bey]nn e[[;]::r e
copper and the finished cured epoxy laminate are forced to cool togs




70 Laminates and Prepregs
the same rate. As a result, internal stresses are built up: since the epoxy has
expanded more than the copper, it also wishes to shrink more and

Measurements of dime;

following way: the laminate is scribed or punched with two marks,
approximately ten inches apart, and this spacing is accurately measured and
recorded. Small circular pieces of resist, for example tape, are pasted over
the scribe marks and the remainder of the copper is etched from the board,
The distance between the scribe marks is then measured. Finally the board
undergoes a bake cycle which is intended to simulate some of the thermal
effects it will experience during processing. The distance between marks is
again measured after the board has been allowed to stabilise for some time
atroom temperature. In a good multilayer materia] the maximum shrinkage
between the initial and final stages of these tests should not be greater than
500 ppm. Laminate with dimensional stability better than this can
sometimes be obtained consistently, but this is usually special laminate,
specially constructed and moulded and normally available only at a
premium price.

Among the factors that determine the final dimensional stability are the
resin system and Iaminaling cycle employed, the nature of the copper,
the glass construction used. The last of these may be the most impor
since very precise dimensionally stable laminate can at times be achieved
with the proper glass construction, In general, thinner copper with poorer
bond strength will tend to produce better dimensional stability results.,
key to the process, however, is in the combination of glass constructions
and the specific resin system employed. This s particularly true as the
amount of flow in the resin system prior to the gel time is a significant
factor in the determination of dimensional stability,

It has recently been shown that scaled flow testing of the prepreg can lead
to significant Improvements in a number of parameters involved in
multilayer laminates, Parameters such as overall thickness and dimensional
stability are the most affected.

2.6.1.2 COPPER ADHESION

Copper adhesion is also relatively important in high quality laminate used
for multilayer boards. If inadequate adhesion is achieved, it is possible that
immi i will result during the laminating

adhesion above 6 Ib

omenon occurring and higher

yers of multilayer boards, High

on the side of the copper to be

laminated to the €pOXy prepreg, and this heavy tooth on the copper will

49

1
Laminates and Prepregs 7

3 hy
imes cause problems due to the extremely ro_ugh sur!_ace]: L(I)p(ﬁizs Ky’
So'mel]l the laminate after etching of the copper. This is pfaruzu a”r ycmer 10
e oblem in very thin laminate where the tooth may actua. y ente Fihe
ko pl;undlcs and cause extreme sensitivity to chsmxc_al attack, mm>iall
gm”r tion and a variety of electrical problems. For_{h)s re}asnn‘ Icise];eli) lhz
'Z‘bfl(:il!ljccres very high adhesion is to be avoided. r‘1l'h|.\> Clkarlyoa(ipis et
> ; i ier than one ounce, where the to
case of copper foil heavier tl nce, o
Laz;s;’ivc "‘l‘)gere are occasions when special light tooth copper shoul
exces 3 e are 2
ed to minimise the effect. ] ) ) ,
cmp*lozl(:gtrasled to inner layers, high adhesion is more deslr;hic U{:n;:ri
A;s of multilayers. These circuit lines tend to receive hars Ur‘giourd
ahL{Tn‘ reflow solder and any re-work which may be rct?u{( e(: O‘Lpl‘;on rm;
et i i a ide physical s
ce the lines actually provi 3 ;
nits, o) Si desirable on cap sheets
el hesion much more des
C onents, rendering good ad esir gcels
;sijm:elatively unnecessary for inner layers. Some specific copper problems
will be discussed later in the Chapter.

2.6.1.3 DIELECTRIC CONSTANT

A parameter of great interest in certain mul}ilaye;p?ar:i§ lS‘”r‘fstdalr?:e[Ct::;
i Since glass has a higher dielectric cor,
e e i llable within limits through
i ielectric constant is controllable w ] t
e i in content will always
Higher glass or lower res| 1
control of the resin content. o N s
i i ielectric constant. Control of this para s, ho
i el di n glass construction and
ssi ithi anges depending upon gl
only possible within narrow r: es d u e o
i t is usually important only
esin content. As a parameter i rtant 4 y
Zasrefully matched or controlled impedances are required in the inner layers

2.6.1.4  THICKNESS

Greater significance is attached to thickness comro]_, and‘lmeilllhéicc'i:frﬁir?g
i ami; i itical parameter since it w
thin core laminates is normally a cri > L Sl
i i t d will control the spacing be e
thicknesses of the ultimate board an n 8 Delueen
i i ise-il ing tracks. Thickness control o
occasional parallel or noise-inducing ¢ | e o
i iffi chieve and is dependent up
sheet of laminate can be difficult to ac et e
4 I’ construction used by the lamin: X
parameters such as the glass : he e
iati ithi flow characteristics o
variations within the press, the Tt g
inati le. In some cases, the lamin;
employed, and the laminating cye 2 ; Diayibe
\villring to accept very tight thickness loler_ames but as a rule only
premium quality and premium priced materials.

2.6.1.5  SOLVENT RESISTANCE

In normal PCB production processes, laminate is e:x;[?osf}d1 L::a}/ii;x(e)trylﬁef
i ical i i important for the
solvents, to which chemical inertness is very en
i ; is! harmed through the use of partially
final product. Solvent resistance may be o) o
i ccessi olvents such as multiple pas:
cured laminates. Excessive exposure to s | capass
it i ill nearly always damage lami i
through methylene chloride stripper will n s s
ive ously described may render
Also, excessive tooth on the copper as previ !
laminate very sensitive to solvent attack. It has recently been observed that
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over-baking of laminate in air at too high a temperature for a prolonged
period of time may cause degradation of epoxy bonds, a decrease of T, and
excessive sensitivity to solvents. Some resin systems are more inert to
solvents than others. Such systems, e.g., those containing epoxy novolacs,
are not normally used in multilayer laminates because of the difficulties
they present in etchback. Cases do exist, however, where extreme solvent
resistance and moisture resistance are required and despite the etchback
problem epoxy may be used in these areas.

Recently a new class of resin systems utilising multifunctional epoxies has
become available. These materials have higher T, and are reported to have
superior solvent resistance properties. Although not yet widely applied, the
use of such materials in very critical multilayer boards will probably
increase in the foreseeable future.

2.6.1.6 BAKING

Although the potential deleterious effects have already been described,
baking of laminate at various cycles in the process is a necessity. This is
normally done to remove either solvents or moisture and is an essential step
after exposure to either, and before applying heat. A four hour bake at
135°C will usually remove moisture and solvents without causing damage to
the laminate. After exposure to either water or methylene chloride, a bake is
essential before heat is applied, either in the laminating press or through re-
flow or solder pot operations. The bake should always be carried out in a
racked rather than a stacked condition so that the moisture or solvent can
escape from the board during the temperature cycle.

2.6.2 Manufacturing Problems
2.6.2.1 SMEAR REMOVAL

Etchback has already been mentioned. Normally during the drilling
operation there will be some epoxy smear due to the frictional
developed during drilling. This smear will tend to cover copper which is
eventually intended to make contact with the electroless copper employed in
the plated-through hole. It is therefore necessary that the smear, if present,
be removed prior to electroless copper plating. This is generally
accomplished by the use of an etchback solution which will attack the
€poxy, warm or hot sulphuric acid often being chosen for the purpose. If it

€ owing to pollution problems. It is
essential, however, that in one way or another epoxy smear be removed
subsequent to drilling and prior to electroless plating.

2.6.2.2 DRILLING

Drilling of the laminate often causes unusual problems. Apart from the
smear already discussed, chipping, gouging and other phenomena can
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f ems lies in the drill bit, drilling

. The normal cause of these problems I illin

Occuureralure or drill speed. Problems will also be xper{cnccd if undercured

;;:;na(cs are drilled and this includes the curing of the prepreg layers
during the manufacture of the multilayer.

2.6.2.3 DEGREE OF CURE

The use of undercured laminate can be a serious problem in mulu_la)cr‘
board manufacture. The best method for delemn_mng degree of cure ']b lh‘c
glass transition temperature, T,. Normally the T, in epoxy mu[e(.mls‘rdﬂgts
from 115 to 135°C, depending on mrudxf_lcalmns to the resin sya_(evm.
Another useful term is the ultimate T,. This is the T, which can be_achxe»gfi
;vi[h a given laminate upon extreme b:_ikmg, and is the maxlmumnlg
available with a given resin system and curing agent. A large spreadob?(wtvm
the T, of the laminate and the ultimate T,, typically greater [hap 4 L’.,“,‘“:
indication of an undercured laminate. These have a variety of unplea ‘fn
characteristics such as poor drilling qua]l_ugs and excessive 'olv.gmv
sensitivity; yet, an undercured laminate, pmwdu_\g the catalyst is actually
present, is not usually a major problem in multilayer poar_ds because %I.xc
laminate at some point will undergo a subsequent Iammam_m step wh}Lh
should be sufficient to cause it to cure. Unfortunately, as this step is after
exposure to solvents, excessive solvent attack may aIrcady have uf:curred.
The checking of T, by the laminator is an effective way of preventing such
materials from being used in multilayer boards.

2.6.3 Solutions to Laminate Problems
2.6.3.1 GENERAL

Having discussed many of the problcm.\: that may arise in laminate, ‘,‘ is
now appropriate to consider how the circuit faL_- ty may act to overcome or
minimise the effect of some of the faults which can occur and what the
laminate supplier may do to minimise them. Thc_ se of heavy tooth [_hxck
coppers on thin core materials should be restricted wherever gosslblé.
Baking of laminates prior to shipment has a strong tendency to improve
dimensional stability and is a practice which the customer should encourage
in the laminator, providing the added cost of the b{ikmg step is not
undesirable. High quality materials will result from this step. Thc.}“(,H-
manufacturer should be extremely careful about the nature _and quality of
solvents which are applied to the laminate. Those rr}alcnala which are
exposed only to the copper do not create such a cause for concern. Bak\n_g
steps should be introduced after each exposure in a free flowing fm‘c‘ed air
oven where the laminate is exposed to air on both sides SO‘[hal the effect of
trapped volatiles, including water, can be minimised. If cxlrgmely" good
dimensional stability is required, the practice of compensating for the
known laminate shift in the artwork may be employed. This dcp_cnds on the
laminator retaining the shrinkage value constant for the laminate under
discussion. In order to improve dimensional stability, the laminator should
utilise only high quality glass and resin systems with controlled flow an_d
rheology. The quality and tooth of the copper are also important in
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controlling dimensional stability. Cooperation between the supplier and the
user is essential in the production of high quality multilayer materials and
the foregoing explains some of the interactions between the customer and
the vendor which must take place for this product to be optimised.

2.6.3.2  USE OF THIN COPPER FOIL

In multilayer board manufacture the nature of the copper can be of
considerable significance. Thin copper foils, typically quarter ounce or 9
micron, have been available to the industry for several years.

This foil is supplied on a sacrificial carrier, usually aluminium. 12 micron
foil is now available as a free film and offers substantial advantages over the
9 micron foil, providing that the disadvantage of the slightly greater
thickness does not cause problems in line width. These foils are not used in
inner layers where simple print and etch steps are normally performed and
where the resulting copper tracks would be too thin to pick up the plated-
through holes which interconnect most multilayer boards. Thin copper is
finding increasing use on the surfaces or cap sheets used in multilayer
boards, the reasons for this being two-fold. Thin copper enables very fine
line etching without excessive under-cutting. Boards requiring 0125 mm
and 0-25 mm wide conductors on the surface have been readily prepared
utilising quarter ounce copper foils. In addition, substantial cost savings
have resulted from the use of thin copper foil even though the laminate is
slightly more expensive. This is due to various savings in etchants and a
variety of labour steps which are minimised or eliminated.

2.6.4 Methods of Promoting Adhesion

2.6.4.1 BLACK OXIDE

The copper surfaces of inner layers are usually modified in some way to
promote adhesion to the prepreg layer. There are two ways of achieving
this. One method is to use the so-called black oxide technique. A variety of
proprietary solutions and a number of in-house solutions are available for
this purpose, all of which contain sodium chlorite, are highly alkaline, and
produce a black coating of copper oxide on the surface of the copper
conductors. This coating then forms a bond between the prepreg and the
copper which enhances the adhesion of the copper to the prepreg layer and
therefore improves the ability of the board to withstand thermal shock such
as reflow soldering. A variety of techniques exist and several opinions are
available on what constitutes good oxide coating manufactured in this way.
An extremely heavy black coating, although cosmetically pleasing, will
often result in black copper oxide particles flowing off into the prepreg
layer during the laminating step. This is not a desirable condition.
Somewhat lighter black coatings have been employed quite successfully and
control of time, temperature and chemical constituents of the bath is
required in order to control the thickness and porosity of the coating.
Another widely used technique involves a red or brown oxide. In this case,
either the black oxide is applied very lightly or after a heavy application
some of the black oxiding is removed, typically in a weak sulphuric acid
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solution. The proponents of this method claim_bener adhesion, particularly
at high temperature, for this type of oxide coating. Each method h:m proved
successful in the manufacture of boards and has shown grcu%ly improved
ability of the board to withstand solder treatment compared with untreated

copper.
2.6.4.2 DOUBLE TREATMENT OF COPPER

Another method is to use double treated copper. Wit}_\ this, treatment is
applied to both sides of the copper by the copper foil supplier as it is
delivered to the laminator. The laminator then puts the primary side
treatment down, leaving the smooth copper with its treatment exposed for
PCB processing. This eliminates the need for a black oxiding step, and good
boards able to withstand solder conditions are produced. Somc‘nl' the
problems with the double treat method include the difficulty of photo
exposing this type of surface which may not be un_n'nrmly reflec[LV§ and the
difficulty of subsequently removing the polymerised phu\uresls_\ lron} the
highly porous roughened surface prior to laminau_ng_ Cleam{lg of the
double treat is also far from easy because mechanical scrubbmg is not
possible and the surface is very susceptible to chemical attack. Despue_ these
drawbacks, however, double treated copper has been widely used in the
multilayer industry to good effect. The choice of techniques between
oxiding after print and etch or the purchase of already treated copper foil
depends upon the individual requirement of the customer and the
capabilities of the PCB manufacturing facility.




Chapter 3

THE MANUFACTURE OF WOVEN GLASS
FABRIC

D. J. VAUGHAN and C. G. HERSCHDORFER
Clark-Schwebel Fiber Glass Corp., White Plains, NY 10604, USA

3.1 INTRODUCTION

Over the centuries, glass has been one of man most useful materials
According to legend, its discovery is attributed to nomadic tribesmen who,
some 10,000 years ago, found molten glass in the bed of a hot campfire built
upon sand. The inquisitive tribesmen poked at the molten pool with a stick
and drew out coarse glass fibres. These fibres obviously had no immediate
utility and, at the time, promised none in the future to the men around the
fire.

The first evidence of the production and utilisation of glass fibres can be
found in ‘L’Arte Vetraria’ by Antonio Neri, published in Florence in 1612,
and a report to the Paris Academy of Science by René de Reaumer in 1713,
However, it was not until the late 1930s that a successful commercial
operation for the manufacture of glass fibres became a reality. It was in
1931 that the Owens Illinois Glass ompany began its search for an
industrial glass fibre process, followed in 1935 by the Corning Glass Works.
These two companies formed the Owens-Corning Fiberglass Corporation in
1938 to produce and market glass fibre and glass fibre products. Today,
glass fibres are produced in a variety of forms by several major
manufacturers

3.2 GL/ FIBRE PRODUCTION

The commonly accepted definition of glass is: *An inorganic product of
fusion which, when cooled, becomes rigid without crystallising.” The
specific chemical and physical properties of glass fibres are controlled by
the composition of the glass and the processes by which the fibres are
drawn. It is possible to draw many glasses of varying compositions into
fibres. These fibres are produced in two general forms—as continuous
filaments, or as staple fibres. The largest proportion of continuous filament
material is drawn from a stréam of molten glass at speeds often exceeding
two miles per minute.

In the production of glass fibres, a glass batch is compounded and mixed
with great care to ensure consistent glass composition. Production of
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Ve 3 e
Fig. 3.1 Bottom of typical bushing showing the numerous orifices from which the
- glass filaments are drawn.

continuous filament fibres commences by fi -din_g the raw glaa_ (in the Iong
of marbles or previously formulated batch) into an eleur\cul‘ly h‘calﬂel
fibrising element called a ‘bushing’ (Figure 3.1). The botmfn of a lypuﬂ(
bushing has 204 or more orificies, cach of which s generally in the range o
0-8 mm to 3-1 mm in diameter. Once inside Lhc‘bush_mg in u‘mollcr;‘ D:l,?[h-
the glass composition flows through the openings in the 1(1m} of g alss
streams. The amount of glass above the orifices, the \!scm_\ty of the mer‘j
the number and size of the orifices, and the rate at wh_xch fibres are ‘pul'le
from the bushing influence the diameter of the filaments which are
produced (Figure 3.2). .
H?\ ‘.»i/in(g agppllca[m’ is located just bclew .Lhc bushing (Fi
function is to apply an organic sizing material in aqueous qxs?ex sion to e L
filament. This sizing performs a threefold function: it acts as a film t(»rm‘u
to prevent the fibres from abrading each other, as a lL}bn' nt so 1]“4(
filaments can move relative to one another and, in some instances, uvu_n‘
provide a compatible interface between the inorganic glass and the organic
which it is used. .
“Below ihe ‘ssing appheator, the flaments are gathered into a bundle
called a ‘strand’ by means of a ‘gathering shoe’ (_]'xgmc 3.4). ll\g strand
passes from the gathering shoe to a winder whcrg it is wound (:nln a forming
tube. This material is often referred to as a ‘forming cake (F}gurc 3.5).
When this cake has been built up to the desired size or weight, it is removed
from the winder and dried in an oven. This removes the water associated
with the size application.
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ig. 3.2 Glass filaments being drawn.

Fig. 3.3 Size applicator.
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Fig. 3.5 Filaments gathered together to produce a forming cake.

3.2.1 Glass Composition

The major constituent of most commercial glasses is silica. The silicon
dioxide molecule has a tetrahedral configuration consisting of a central
silicon ion surrounded by four oxygen ions. This three-dimensional network
of silicon tetrahedra is the basis for the various properties associated with
glass. By the addition of modifying ingredients (such as metallic oxides), the
properties of the amorphous glass can be varied and adjusted to give
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various levels of performance which may become part of, or disrupt, the
silica network.

The first glass developed specifically for production of continuous fibres
was a lime-alumina-borosilicate glass that was designed primarily for
electrical applications and designated ‘E’ glass. This glass was found to be
adaptable to a great variety of processes, products and applications. ‘E’
glass does not have a single composition, and can vary within the range
shown in Table 3.1.

Table 3.1
Type Composition
Si0, ALO, CaO MgO B,0, Na,O K,O ZrO, TiO, PbO F,
Low-alkali,
lime-alumina 18:0 0- 0
borosilicate 54:5 14-5 22:0 85 05
Soda-lime

borosilicate

Soda-lime 590 4:516:0 55 3-5 11-0 05

borosilicate

Soda-lime 730 220 55 35 16:0

Lime-free . S .

soda borosilicate 523 370 7014 40 80 20
High-lead 340 30 05 35 59-0

Since these variations do not significantly influence its electrical or
mechanical properties, each glass producer can tailor the composition to his
raw material economics and production processes.

3.2.2 Yarn

Continuous filament glass fibres normally have diameters ranging from
2-5 pm to 19 ym. A yarn is an assembly of such fibres suitable for use in
weaving into fabric. The most simple yarn is one consisting of individual
strands of glass fibres, usually referred to as ‘singles’ yarn. Heavier yarns
can be obtained by combining single strands in twisting and plying
operations (Figure 3.6). This is accomplished by twisting two or more single
strands together and subsequently plying. A yarn strand has what is termed
an ‘S’ twist if, when held in a vertical position, the spirals conform in slope
to the central portion of the letter ‘S’ (Figure 3.7). It has a ‘Z’ twist if the
spirals conform in slope to the central portion of the letter ‘Z’ (Figure 3.8).
Strands which are simply twisted will kink, corkscrew and unravel because
they are twisted in one direction only. The plying operation normally
eliminates this by countering the twist in the singles yarn with an opposite
twist in the plied yarn. Twisting and plying of the yarn vary its strength,
diameter and flexibility, and are important steps in producing the variety of
fabrics necessary to the laminate manufacturer.

A system for identifying glass fibre yarns is required because of the wide
variety of the types produced. Yarn nomenclature consists of two basic
parts, alphabetical and numerical: (for example, ‘ECG 150 2/2’). The first
letter identifies the glass composition, in this case electrical glass. The
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v

Fig. 3.6 Twisting and plying operation.

S

g.3.7 S’ twist yarn.
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Z

Fig. 3.8 7’ twist yarn.

second letter ‘C’ shows that the glass is a continuous fibre, The third letter
‘G’ indicates the average diameter of the fibre from which the yarn is made.
Therefore, the letters ‘ECG’ identify the yarn as ‘E’ glass composition,
produced as a continuous filament, of average fibre diameter within the
range of 82 um to 10 um. The numbers used in the identification indicate
the basic strand weight and yarn construction. The strand weight is shown
in the first series of numbers following the letters. It numerically represents
approximately 1/100 of the yards per pound of basic glass fibre strand. The
second series of numbers (such as 1/2, 2/2, 1/0) designates the yarn
construction; this shows how many basic single strands are in the yarn. The
first digit indicates the number of basic singles twisted; the second digit
separated from the first by a diagonal line designates the number of the
twisted strands which are plied together. To establish the total number of
strands in the yarn, multiply these two numbers together (0 is multiplied as
1). The approximate yards per pound of fabricated yarn can be computed
by dividing the basic strand weight by the number of strands in the yarn.
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Table 3.2
7 Jumbe Decitex
Diameter Filament Filament  Number of
Diameter Nuiberof
. ( ; Designation Strand ilamen
(Inches) My & Count Strand
5 D 1800 s1 28
-00021 s 2
600021 s D 900 102 55
0-00021 5 D 450 204 110
dports 7 E 25 204 220
600023 6 DE 150 408 330
00036 9 G 150 204 330
3:20051 13 K 7 204 660
0-00051 13 K Eil 408 1320
0-00036 9 G 75 408 660
0-00036 9 G 37 816 1340

An example of how the glass yarn nomenclature can be interpreted is
‘ECG 150 1/2:

E Electrical glass
C:  Continuous filament
G: G Filament diameter range 8-2 um to 10 ym

150: 15,000 yards per pound of basic strand .
1/2: Single strands were twisted and two of these twisted strands were
plied together

15,000 _ 7,500 yards per pound for fabricated yarn.
2

3.2.3 Warping

The first step in the weaving process is from the package of yarn to the

Fig. 3.9 Warp yarn gathered together into a beam.
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warp beam. Here, literally millions of Yards of yarn are drawn into parallel
formation onto large, polished metal cylinders known as ‘beams’ (Figure
3.9). Each beam contains approximately 2,200 pounds of yarn.

3.2.4 Slashing

The continuous glass filaments on the beam are sensitive to abrasion and
are difficult to process without causing severe damage to their surface. One
method of reducing this and future damage is to treat the yarn chemically in
a process known as ‘slashing’. In this operation, the singles yarns pass
through a formulated size bath where they are coated with the size material;
the coated yarns then pass through a drying unit that removes excess
moisture and sets the size on the yarns® surface (Figure 3.10).

2
_— e 4

Fig. 3.10 Warp yarn being slashed

3.2.5 Entering

After slashing, the loom beam is ready for the process known as
‘entering’. In this step, individual yarn ends from the loom beam are drawn
through an intricate series of harness dropwires and heddles which produce
the desired pattern during the weaving operation (Figure 3.1 1).

3.2.6 Quilling

Woven fabrics (and glass fabric is no exception) are traditionally Fig. 3.12  Fill yarns wound onto bobbins in a process known as ‘quilling’.
omposed of two sets of perpendicularly interlaced yarns. The preparation

produces the warp threads and, in order to obtain the q . . t travels back and forth on
S . v e) ilar to the warp yarn as it trav
fol}ng or weft yarns, the glass filaments are wound onto a small spool or Slll‘?go)r:m Perpencicy
quill in an operation known as ‘quilling’ (Figure 3.12). The quill is inserted )
into the shuttle which, during the weaving operation, deposits a strand of
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3.2.7 Weaving

Fabric is usually described as ‘a material constructed of interlaced yarns,
fibres or filaments’. Typical glass fibre fabrics are manufactured by the
interlacing of warp and fill yarns on a conventional weaving loom. Such
fabrics can be woven in a variety of styles which allow for good control over
thickness, weight and strength. The principal factors that designate a given
fabric style are count, warp yarn, fill yarn and weave.

The yarn count refers to the number of warp yarns or ends per inch and
the number of filling yarns or picks per inch. For example, a fabric count of
4432 means that there are 44 ends per inch in the warp or lengthwise
direction and 32 picks per inch in the fill or crosswise direction. This fabric
count and the properties of the warp and fill yarns used in the weaving of
the fabric are the main factors which determine the fabric strength.

The weave of a fabric refers to the manner in which warp yarns and fill
yarns are interlaced. The weave also determines the appearance and some of
the handling and functional characteristics of a fabric. Among the most
popular weave patterns are the following:

1 Plain Weave: This is the oldest and most common of the textile
weaves. In this weave, one warp end passes over and then under one
filling pick.

2 Twill Weave: This weave has one or more warp ends passing over or
under two or three or more fill picks in a regular pattern.

3 Crowfoot Satin: The weave of this fabric is one warp over three and
under one fill pick.

4 Longshaft Satin: This weave is constructed with one warp end
weaving over four or more and under one filling pick.

5 Leno: This weave has two or more parallel warp ends interlocked.

6 Unidirectional: A weave involving a great number of larger yarns in
one direction with fewer and generally smaller yarns in the other
direction.

Owing to its dimensional stability, the plain weave style fabric is the one
most commonly used in the production of printed circuit board materials.

3.2.8 Heat Cleaning

The sizing material previously described in this Chapter serves as a
continuous filament binder which affords a measure of protection to the
filament during the weaving operation. This size is usually of an organic
nature, consisting of starch or dextrinated starch gelatin, a complex amine
and, in the majority of cases, a lubricant (such as mineral, animal or
vegetable oil). The size (or ‘binder’, as it is sometimes called) is present on
the glass fabric to the extent of 1% to 4% (Figure 3.13), and must be more
or less completely removed from the fabric prior to the application of any
form of coupling agent. It is’important that the fabric be de-sized in a
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Fig. 3.13 SEM showing the organic size present on the glass fabric.

manner that will produce the whitest fabric possible, while maintaining a
good proportion of the initial strength of the material. This is normally
achieved by reducing the organic content of the fabric to 0-8%.

The methods currently used in commercial production to achieve this de-
sizing are predominantly thermal, and can be classified as follows:

1 Low temperature or batch oven cleaning: In this operation, the glass
fabric is rolled onto a perforated metal mandrel; the rolls are then
placed in an oven maintained at a temperature range of 26!
371°C for between 55 to 80 hours. The fabric thus treated has an
organic content of approximately 0-1%.

Continuous high temperature cleaning: This de-sizing operation
allows the glass fabric to pass in one continuous operation through a
vertical or horizontal furnace that subjects it to temperatures of
593°C to 816°C, along with atmospheric conditions which cause
rapid burning of the size in a band across the width of the fabric.
Continuous low temperature cleaning or carmellising: In the case of
continuous low temperature heat cleaning (or ‘carmellising’, as it is
sometimes called), the furnace temperature is kept sufficiently low to
prevent actual burning of the size at the fabric’s surface. The large
amount of carmellised organic residue left at the fabric’s surface
imparts a distinct brown colour t0 the material, and generally
renders it unsuitable for use in electronic applications.

%)

w
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3.3 Finishing of Glass Fabric

. The ear!iest attempts to apply organic sizes to glass fibres were carried out
in the mid-1930s by Slater and Thomas', and were directed toward
maintaining the physical integrity of the glass to which they were applied
immediately following the drawing operation. Continuation of this
approach led to the development of the starch oil size by Steiman er al,
wh:clhA not only gave protection to the fibre after drawing, but also affordeci
suffucllem protection for the weaving operation.

During th{s period, Hyde® carried out work covering the use of silicon
baseq matgnals as sizing components. These materials were capable of
reacting with the glass surface, but not with the resin matrix. Further
evaluations were performed abandoning all forms of treatment and using
heat clgan_ed glass fabric. The composites produced gave adequate
properties in !he dry state but, upon exposure to high humidities, the glass-
resin bond failed in less than two hours (Figure 3.14). The development of

Fig.3.14 SEM showing the failure of adhesion at the glass filament-resin interface.
cqupling agents as they are known today was undertaken in the mid-1940s
with the work of Steinman* on methallyl silicate, and Goebel and Iler® on
fne!hacrylate chromic chlorides. Although this work was intended to
improve the adhesion of the glass fibre and resin matrix, both the vinyl
silanes and chrome complex interfaces are susceptible to attack under
aqueous conditions, thereby weakening the glass-resin interface and,
ultimately, the properties of the composite (Figure 3.15).
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Fig. 3.15 SEM showing the cffects of moisture on the glass resin interface where
the glass fabric had been previously finished with a chrome complex.

A variety of materials (predominantly organo-functional silanes) have
since been developed in an attempt to provide a stable interface under a
- varying number of adverse environments. These coupling agents can
generally be described as molecules which possess two different kinds of
reactivity. The silicon portion of these molecules has an affinity for the
glass fibre, while the organic portion of the molecule is a stable graft onto
the silicone atom that is tailored to combine with many of the organic
thermosetting resins used in composite manufacture. The main function of
this coupling agent is to provide a stable bond between two dissimilar
surfaces. Although the standard properties of composites manufactured
from fabric finished with these coupling agents showed improvements in the
J dry state, the most dramatic differences could be observed after exposure to
water, atmospheric moisture, chemical solutions and high temperatures.
The majority of coupling agents have the general formula:
’ RCH,CH,CH,Si(OCH,);, where R is a reactive organic group tailored to
match the reactivity of the resin system with which it will be used. The silane
coupling agents will perform with a wide variety of inorganic surfaces, the
degree of performance depending on the number of reactive sites at the
surface of the substrate which are capable of chemically reacting with the
silanols (glass, for example). This is dependent on the density of SiOH
groups present on the surface. In general, performance increases with
silanol density:
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OH
Glass - SIOH + RSi(OH,;)~>Glass-SiOSiOH + H,0
R

It is usually thought that the silicon portion of the coupling agent has
or!cntated towards the surface, and that the organo-functional grou;

orientates away from the surface to react with the resin system being useclp
Cnuphng agents are usually applied to the woven glass fabric from a walex:
solqllon, although non-aqueous solvent forms have also been used. The
equipment used to apply the coupling agents is, in many ways. compa‘rab]e
to lhe_ impregnating machines used by the prepregger (I-:igure 3.16)

consisting of a treatment bath, metering rolls and drying chambers =

Fig.3.16 Typical finishing range used for the application of coupling agents to the
glass fabric. -

3.4 THE COUPLING AGENT-RESIN INTERFACE

In survgying the technical literature, it appears that there are man:
theories of adhesion systems®'’. However, most of the current data indicat}:
that the formation of covalent bonds between the resin and the cou linL
agent provides one of the strongest and most enduring interfaces, Cl))[ht:g
_Faclors (such as wettability, compatibility and surface energies) cénain]r'
mflue_nce the ‘qualily of the reinforced composite, but the degree o)l('
chemlca_l reaction at the interface usually determines. the resistance of the
composite to the everyday industrial environmental conditions'lo which it is
exposeq. It has been demonstrated that both resin composition and
processing temperatures can affect the performance of a given cou li:
agent. This is to be expected since there are several competing reaclionspthagl
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can take place at the coupling agent-resin interface: homopolymerisation of
the resin or the coupling agent, and copolymerisation of the two. Matching
these rates of reactivity as closely as possible should result in the formation
of a maximum number of bonds across the interface.

In the development of reinforced composites, the fabricator is usually
concerned only with the coupling agent-resin interface because the bonding
petween the siliceous substrate and the coupling agent is generally taken for
granted. Therefore, greater effort goes into grafting the best organo-
functional groups onto the silicon than into modifying the trimethoxysilyl
portion of the molecule.

3.5 THE APPLICATION OF FINISHED GLASS FABRIC TO
MULTILAYER PREPREG AND CIRCUIT LAMINATES

The production of a multilayer printed circuit board is the result of
combining three or more vastly different raw materials in different physical
states into one compact product. The multilayer printed circuit laminate
consists of two or more copper-clad epoxy glass laminates with specific
circuit patterns. These laminates are bonded together with prepreg which
has, in turn, been manufactured from woven glass fabric and epoxy resin.
This prepreg, upon application of heat and pressure, flows to fill the voids
in the circuit pattern and forms the bond with the adjoining laminates.
During the manufacturing process, the laminates are subjected to prolonged
heat and pressure. Also, these substrates are much thinner than those
encountered in conventional printed circuit laminates and, as such,
approach the limits of the material. These combined factors make the
selection of the base materials even more critical than for the standard
printed circuit laminate.

The majority of fabrics presently being used in multilayer applications
are plain weaves manufactured from plied or singles yarns. These plain
weave fabrics produce the most consistent and uniform thickness, and offer
a smooth, even surface for resin impregnation. The fabric’s construction
must also be taken into consideration as this can affect the dimensional
stability of the laminate. Although there is no conclusive evidence at present
that any one parameter contributes more to the dimensional stability of thin
laminates than another, it is known that certain fabric styles perform better
than others in this respect. For example, a fabric with a balanced
construction (that is, one with the same number of yarns in the warp and fill
directions, also the number of filaments per yarn and the filament diameter
being similar) will present a material that imparts good dimensional stability
to the final laminate.

Glass fabric styles 104,108,112 and 116 as specified in military
specification MIL-G-55636A are commonly employed in multilayer
applications. Of course, this list is not complete and, in practice, a large
number of plied and singles yarn constructions are used, the choice being
based on the thickness of the fabric.

At a given resin content, the prepreg thickness bears a distinct relation to
the choice of the original fabric used, allowing the engineer to design the
lay-up of the multilayer laminate to be used.
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Table 3.3

Multilayer Fabric Styles

Thickness
Plied Yarn _Singles Yarn _(mm) (in.)
104 - 0-025  0-0010
325 - 0-036  0-0014
105 - 0-038  0-0015
106 = 0-038  0-0015
107 1070 0-043  0-0017
108 1080 0-050  0-0020
10860 - 0-056  0-0022
112 2125 0-076  0-0030
13 2113 0-076  0-0030
116 216 0-122 0-0048

Because the fibres used in multilayer fabrics are smaller, finer and more
fragile, great care is taken during preparation of these yarns to ensure that
they are adequately protected by the size that is applied. The accumulation
of fuzz, often small enough to be insignificant on other fabric styles, creates
magnified problems in the finer multilayer styles (Figure 3.17). However,
most of the fuzz accumulation can be attributed to broken filaments, a
problem created in the yarn manufacturing operation (Figure 3.18). In view
of the very limited number of yarn suppliers world wide and the variation in
quality of these fibres, it is not always possible for the glass fabric weaver to
supply the high quality sought by the multilayer laminator.

A

ig. 3.17  The accumulation of fuzz on the surface of the woven fabric
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Fig. 3.18  Broken filaments present on the surface of incoming yarn.

3.6 CONCLUSION

In order to improve the performance of glass fabrics as a reinforcing
medium in the electronics industry, work has been carried out on many
aspects of production, with continuing progress being made in
manufacture, construction, and in the coupling agents employed. To
continue to improve the laminate’s performance, however, it is imperative
that yarn producers, glass fabric weavers, resin chemists, copper foil
producers, and laminators work in close liaison.

Knowledgeable industrial sources suggest that glass reinforced electrical
grade laminates will continue their growth pattern during the next few
years. A high percentage of this growth will be in the ultra-thin, multilayer
market. These high strength, lightweight constructions of resin and glass
fabrics are continually proving their value in the electronics field, often
replacing more conventional materials and adding their improved
performance and flexibility of design to the final product.
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PHOTOMECHANICAL PRINTING
INTRODUCTION

Photomechanical printing comprises the transferring of the required
track and pad pattern to the board laminate by the use of a light sensitive
Jayer applied to the face of the laminate.

The two forms of such photoresists in common use in the PCB industr
are Liquid Resists and Dry Film Resists. The most widely used are the dry
films, which have many advantages over the older liquid resists, chief of
which are ease of application and their thickness which allows them to serve
as near vertical walls to limit any spread of plating on pattern plated boards.

However, when very fine lines or gaps (less than 0-05 mm or 0-002 in.)
are required, the thickness of dry film resists becomes a major
disadvantage. Effects such as refraction in the dry film limit the resolution
achievable and recourse has to be made to the older and thinner wet resists.

After bonding, the outer faces of a multilayer board can be out-of-flat
where the outer thin laminates have conformed to the track patterns on
inner layers. This out-of-flatness can be great enough to affect the
satisfactory lamination of a dry film resist, making the use of a wet resist
desirable

On buried via-hole and flexi-rigid boards it may be necessary to apply a
resist over an etched and possibly plated track pattern to plate selectively
pads or through holes. Here again the conformation of a dry film may
prove inadequate and a wet resist must be used.

Whenever either type of photoresist is used on an out-of-flat surface, care
must be taken in the design to ensure that the actual edges of the patterns
required are all on portions of the board which are flat and at the same
height so that good contact can be made with the printing film.

A. Scarlett
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electroless plating 306-25
evaluation of microsectioning 398-9, 400
final inspection 386
flexi-rigid boards 4534, 462-6, 466-70,
474-7
Multiwire boards 544-5, 559-60
repair methods 447
repair of pads 444-6
size 511
solder finishes 368-9
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Subject Index

see also drilling
plates
presses 1934, 217, 221, 225, 232-3, 235
plating 36-7, 38, 326-55
buried via-holes 42, 185-6
quality control 382
solder finishes 368-70
thin laminates 54
troubleshooting
dry film resists 147-8, 148-9
see also electroless plating; pattern plating
plattens
bonding presses 206, 213-14, 232
plying
glass yarn 80-83
point angle
drilling 263
polishing
pretreatment
copper 362
gold plating 349-50
pollution see contamination
polyimides 63
and electroless plating 310
flexi-rigid boards 450-51
smear removal 301
polymerisation
dry film photoresists 115-20, 127, 128-33
polystyrene
dry film resist structure 112, 128
polytetrafluoroethylene see PTFE
porosity
gold plating 348-9, 354-5
positive films 26-7
positive resists
dry film 117
liquid
development 108
pre-etching
electroless plating 313-15, 324
pre-filling
buried via-holes 44
prepreg 48-9
during bonding 199-200, 218-20
handling problems 197
manufacture 64-9
Multiwire boards 543
preparation 189-90
quality control 379
use of epoxy materials 61-2
press plates see plates: presses
presses and pressing 205-35
and laminate stability 414-15, 421
pressure
press cycles 218-22, 227-8
pretreatment
copper 356-66
gold plating 349-50
print and etch process
dry film resists 139-40
printing 34

photomechanical 95-153
quality control 378, 379-80, 382
tooling holes 181-2

see also screen printing

robes
clectrical continuity testing 4036
process control
prepreg manufacture 66
production processes see manufacturing
processes
profiling
flexi-rigid boards 470-72
projection imaging 133
propagation delay
design considerations 503, 504
proximity imaging 133
PTFE
electroless plating 310
use in flexi-rigid boards, 462, 463, 467,
469, 470
PTHs see plated-through holes
punching
filmwork 30-33, 1834
laminates 181, 183
prepreg 190
purging
of water from press 212
pyrophosphate solutions
copper plating 328-30

quality control 374-82
rework 432
see also inspection
quilling
glass yarn 84-5

radiograph:
use in inspection 423-9
rake angle
tool geometry 238-9, 245-6, 263
rams
bonding presses 213
reflections
and characteristic impedance 503
refrigeration
prepreg 189-90
release sheets 195, 196
reliability 54-9
Multiwire boards 554-60
see also quality control
relief angle
tool geometry 238-9, 245-6
repair kits
desoldering 479
repair methods 430-49
resin content
and laminate stability 41719
prepreg testing 68
resins
action in desoldering 483
affecting machining 241-2




588 Subject Index Subject Index
encapsulation of microsections 395 short circuits 56-8, 345, 516 liquid photoresists 99 tank etching 174
laminate stability 410-14 repair methods 441, 443 specifications see standards tapes
liquid photoresists 98 shrinkage spectral sensitivity control of drills, etc. 334
prepreg action during bonding, 199-200 laminate manufacture 70 dry film resists 132 quality control 379
218-20 silica spraying targets
see also epoxy materials glass composition 79-80 coatings filmwork 28-9
resistance single-sided PCBs liquid photoresists 101 ‘tear drops’ see step plating
electrical testing 407-8 costs 3 development tearout
resists see photoresists; solder resist inner layer preparation 1867 dry film resists 1334, 135 drilling problems 286
resolution gauges 376-7 six-layer boards 50-52 ctching machines 175-7 ‘telegraphing’ 38
reworl sizes oxidation 189 bonding defects 201
defined 431 of features squeegees temperature see heat
quality control 432 design considerations 51013 screen printing 162-3 tension
rigidised flexibles 450 of PCBs stability mesh
rinsing Multiwire 572 laminates 69-70, 73, 91, 409-22 screen printing 156-8
cleaning of copper 356-7 press capacity 232-3 design considerations 509-10 tenting 140
development sizing flexi-rigids 459-61 test coupons 3835, 400401, 402
dry film resists 134 glass fibre production 77, 78, 86-7 stacking and unstacking 195-7, 234-5 Multiwire boards 547
electroplating 327-8 glass yarn staked boards 16 test heads
etchback equipment 297, 298-9 skip plating standards 489-98 electrical continuity testing 403-6
ripout troubleshooting 148-9, 151 drill bits 265 testing
drilling 25961, 285-6 slashing see also British Standards cleanliness
‘robbing strips’ glass yarn 84 steam heating substrates 100, 125

electroplating 334 smears bonding presses 209 destructive 389-401
roller coating drilling 261, 275, 276, 307-8 stencils electrical 401-8

liquid photoresists 101-3 removal 38, 72, 292-305 screen printing 15961 laminate stability 415-17 .
Multiwire boards 546-7, 556, 560-61

roller tinning quality control 381 step and repeat
solder finishes 367-8 Multiwire boards 558-9 filmwork 27-8, 526 porosity
rotation smoothing step plating 328-30 gold plating 354-5
cutting tools 246-7 cleaning of copper 362 troubleshooting 148-9 prepreg manufacture 66-9, 190
routing (cutting) 243-57 ‘snap-off’ step tablet see also inspection
control tapes 334 screen printing 161-2 exposure time 106-7, 129-30 thermal aspects see heat; heating
quality control 379 soak cleaning storage thermal clearances
routing (planning) electroplating 327 prepreg 189-90 design of planes 51320
Multiwire design 550-53 solder buttons 14-15 thin laminates 53 Thermal Mechanical Analysis 411-13
solder finishes 367-73 stoving see baking thickness
safety solder float test 390 stress laminates 71
radiography 428-9 solder mask 138, 369 internal layers design considerations 50910
sampling solder resist electroplating 334-6, 351-2 PCBs 49
quality control 3756 design considerations 522 stripping affected by prepreg 199-200
scaled flow testing 67 final inspection 387 photoresists 109-10, 118-19, 137 affecting characteristic impedance
scanners solder rise 338 troubleshooting 149-50 501-2
visual inspection 388 solderability 478 substrates design considerations 509
scratches gold 348 preparation variations
substrates testing 390 dry film resists 123-4 prepreg 48-9
effect on dry film resists 124 soldering gold plating 348-50 thiourea compounds
screen frames 156, 157 outgassing 55-6, 31819, 343 liquid photoresists 99-100 etching additives 169
screen printing 154-63 plating problems 309 subtractive processes through-hole plated boards see plated-
compared with other processes 114 repairs 4446 dry film resists 139-40 through holes
quality control 380 see also desoldering sulphuric acid throwing power
scrubbing solutions etchants 17071 copper plating 331-2
substrate preparation 99-100 electroless plating 321-3 smear removal 295-300 electroless plating 309
scum electroplating 328-31 surface dressing nickel plating 346
dry film resists 134, 135 gold 349 sequential multilayer boards 186 tin-lead plating 34041
troubleshooting 144-5, 150-51 nickel 345-6, 347 surface polymerisable resists 132 tin-lead
semi-additive multilayers 46 tin-lead 340, 341 surface tracking plating 34045
semi-additive processes solvents short circuits 57 solder finishes 367-72
dry film resists 141-2 effect on laminates 71-2 surge currents tin-nickel plating 347
sensitisers dry film photoresists 118, 120-22, 135, design considerations 503 tin-palladium process
liquid photoresists 98-9 136 electroless plating 311, 315-17
sequential buried via-holes 18, 45, 185-6 troubleshooting 150-51 Talbot, W.H.F. 96 tin plating
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flexi-rigid boards 464
tinning

solder finishes 367-8
tool design 241
to0l geometry 238-9, 248, 2657
tool life 248-9, 267-8
tool material 23941, 247, 265
tooling 1914, 236-90

flexi-rigid boards 459
tooling holes 181-5
tracks

capacitance 504

characteristic impedance 501-2

cutting 434-5, 437

design considerations 51011, 513

final inspection 3867

flexi-rigid boards 451

repair methods 44041, 441-2, 443

troubleshooting

dry film resists 1434

transfer presses 228-31
translation boards

electrical continuity testing 404
treaters

prepreg manufacture 656
troubleshooting

contour routing 2547

drilling 274-87

dry film photoresists 142-52
tungsten carbide

tool material 239-41, 265
twill weave

glass cloth 86
twisting

board defects 202-3

glass yarn 80-83

ultrasonic drilling 289
ultrasonic wiring

Multiwire boards 539-40
ultra-violet light

curing inks 164
undercutting

etching 169, 172, 173-4
underplating

troubleshooting

dry film resists 147-8

United States

standards 494-6

vacuum bonding 198, 460
vacuum cleaning

chip removal 241
vacuum metallising 310
vapour blasting

smear removal 301-2, 308

Subject Index

vapour phase heating
solder finishes 371
via holes
design considerations 5224
via holes, buried see buried via holes
viewers
visual inspection 3878
viscosity
dry film resists 126-7
epoxy materials 62, 219-20
inks 16
visual inspection 385-8
oids
bonding 200, 201
electroless plating 312
volatile content
prepreg testing 68
voltage breakdown 501

warping 58

board defects 202-3

glass yarn 834
water

jet machining 289
‘water break’ test 125
water cooling

bonding presses 211

wear

drills 269, 270, 279

gold plating 354
weaving
glass cloth 86
wedge angle

tool geometry 238-9
welded nickel interconnects 20-21
welding

repair methods 442
whirl coating

liquid photoresists 100101
Wilson, G. C. 44
window dye concept 128-9
wiring

Multiwire boards

insulation 555-7
process 535

woven glass fabric see glass cloth
woven quartz fibre 421

X-rays
use in inspection 423-9
yam
glass fibre 80-83
yarn count 86

Z-plane expansion 59, 409, 560
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HANDBOOK OF PRINTED CIRCUIT DESIGN,
MANUFACTURE, COMPONENTS & ASSEMBLY

by G. Leonida

ISBN 0901150 09 6
Pages—569+ xvii; Tables—40; Figures—394; Size—23x 15 cm.

Over the past decade, electronic packaging has become an accepted
discipline in most electronic companies. Since the large majority of modern
electronic assemblies are supported by either a rigid or flexible circuit, the
correct assembling and soldering techniques are of paramount importance
if low costs and reliability are to be achieved.

Despite the importance of PCB assembly, it is somewhat surprising that
there is a noticeable dearth of published literature on the subject and
although a number of text books are now available on PCB manufacture,
little, if any, space has been devoted in these publications to assembly.
Consequently, the Author’s primary aim was to rectify this situation with
the result that this is the first reference book to treat the subject of assembly
in depth. Furthermore, as all other aspects of printed circuits such as
Design, Components, Quality Control and in particular, Manufacture—the
latter being a book in itself —are covered in considerable detail, this Hand-
book must rank as one of the most comprehensive and important reference
texts ever to be published in this field.

Some Worldwide Opinions:

‘For all those engaged in the PCB industry, whether as a manufacturer or
user, this book is highly recommended and will undoubtedly become a
standard reference work on this subject.’ Electronic Production (UK)

‘Unlike many books on printed circuits, the book is full of facts, all of
which are based on obvious practical experience’ . . . ‘This is, undoubtedly,
the best book in the reviewer's opinion yet published. It has all the
necessary practical information in one book and is therefore money well
spent.” Microelectronics and Reliability (UK)

‘The overall impression is that the technological chapters of this book are
excellent’ . . . ‘the author has achieved a self-contained and “intercon-
nected’’ account of printed circuit board design, manufacture and compo-
nent assembly which will surely make it a standard text for designers, pro-
duction engineers, chemists and metallurgists who are engaged in this fast-
growing industry.” The Metallurgist and jals Technologist (UK)

May be ordered direct from
Electrochemical Publications Ltd.
8 Barns Street, Ayr KA7 1XA, Scotland




-
Chemistry for
|}
MLB Production
De-Smear Resist Strippers -
Copper Cleaners De-foamers
Microetches Developers
Black Oxide Passivates

Bronze Oxide P.T.H. Systems
Screen Inks Etchants -
Conformal Coatings Solder Masks & Idents

Equipment for
MLB Production

Vertical Spray Modules for develop etc.
Automatic Handling Equipment

In-Line De-smear Plant
Multi-layer Presses

Automatic Solution Dosing Units
Microprocessor Process Controls
P.T.H. Plugs

Diazo Films

Effluent Treatment & Metal Reclamation -

THEMILED

Chemlec Solutions Limited
GladstoneRd., Farnworth, Bolton BL47EH. Tel:0204 700472 Telex 63411,
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THE WAY TO BETTER CIRCUITS
Norplex’laminates g

oyUOP @
COPPER-CLAD LAMINATES

We offer a wide selection of epoxy-fiberglass lami-
nates, the most widely used substrates for printed cir-
cuitry.

THIN CONDUCTOR FOILS

Base laminates are now available with copper foil in
thicknesses of 5 microns and 9 microns. Thin clad
laminates offer many of the advantages of additive
systems, while using conventional plating and proces-
sing procedures.

HIGH-PERFORMANCE LAMINATES

Printed circuitry for high-temperature applications
has been made possible by the development of a
number of unique systems. Polyimide resin contrib-
uted a major advancement to printed circuits by its
temperature resistance, superior processability and
improved reliability.

MULTILAYER BASE MATERIALS

Norplex has long recognized the need for custom-
designed core laminates and bonding sheets in mul-
tilayer applications. We have the manufacturing ver-
satility to build core laminates with those properties
most important to the application, such as dimen-
sional stability, dielectric constant, and coefficient of
thermal expansion.

For more information contact

Norplex UK Dpivision

UOP Limited
Johnson House - Browells Lane - Feltham, Middlesex, TW13 7EQ,
Telephone 01-890 1269 - Telex 935479 (JSELON G)




FROM THE COMPANY WHERE SERVICE ALWAYS COMES FIRST

ATLAST...

A High Speed, BRITISH BUILT, Dedicated Router
at a Price You Can Afford . . .
Full interpolating micropracessor CNC Deicated printed circuit board routing has long been a
consideration only for the farger production company.
NOW THAT IS IN THE PAST!
Systems Efficiency Limited have been seling dedicated
routers with a great deal of success over the years
Feone X With the experience gained during that time, and with an
One full 24" x 24" capability intimate knowledge of tho problams involved, we have
produced a full intarpolating CNC router for the smell to
sized user ..., and at a decidedly small pricel
System resolution 0 0-0001" You can now start high quaity, dedicated rauting, WITH
BELT—DRIVEN PURPOSE BUILT ROUTING
4, four high under both heads using SPINDLES, for a fraction of the cost proviotsly quoted
s Lot tho R100 take High
o uality finished par i aprice
Factory training in programming and operation and speed which mal "
answer to your profiling bottlenac}
NOW IF YOU WANT TO ROUT PROPE:
Full one-year warranty YOU CAN AFFORD THE RIGHT EQUIPMENTI

Two high productivity bet-driven spindles
Closed loop servo contralled X and Y axes

24,000/48,000 rpm operator selected spindie speeds

ability

Reliable, quick, guaranteed after-sales service

SYSTEMS
EFFICIENCY
LIMITED

Horham, Wt Sovso RFTS
el (0403) 69149, 62604
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| I[[(_@S Higher Performance...

10 years of experience
in the manufacture of

we are the right
partners.

Automatically Controlled
Multilayer Hot-Transfer Press
Plant —from the MHK range

The integrated handling system

incorporates tool-plate control
and multilayer lay-up stations

BURKLE

Press & Surface-Treatment Technology

Profit from
our "know-how"”,
Let us adv

your application.

Contact us direct or our
UK &

Malver Wells, Worcs
WA 1449

Tel: 06945.66522
elex: 335284

Robert 8iirkle GmbH £ Co.

*Maschinenfabril - Stutigarter Sirafie 123 D-720 Freudenstad - Telefon (074411 56-1- Telex 0764227




LeaRonal,
THREE OF THE BEST firstname in
FROM LV.P. electroplating,
- ). introduces
e the last word in
screen ink

opC 240

PLASMA PROCESSING SERVICES
b61h PG 1100 and

range of processes ider Hux tesidue removal

i of plastics and general condiioning of inorganic and arganic materials, backed by

‘optical and SEM equipment

VAPOUR PHASE
SYSTEMS

LeaRonal inks give you ultra-sharp For years we've wanted to offer a line of
resolution, dense images, swift low-energy ~ screen printing inks for the printed circuit
curing, prolonged shelf life. And they're industry that's as good as or line of
formulated to speed production, give you LeaRonal plating processes. After extensive
consistent screening board after board, for  testing in production, we've finally developed
manual and semi-automatic operations products that are good enough for us—and

Ask your LeaRonal Service Engineer for  for you.
on, Gueri o1 Sa technical details and free test samples. Our We now offer a full range of plating and
) 740454 - 247070 1V.Products Limited i new inks have passed our screen test— etch resists, solder masks, lettering inks,
o they'll pass yours, too. all in your choice of thermal or ultraviolet

curables.

LeaRonal (UK)ple

High Peak Laboratories, Ashbourne Road, Buxton,
Derbyshire SK17 9SS, England. Tel. Buxton 5391
(4 Lines) Telex: 669768 RONAL-BUXTON
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temperature

starter and highly
scale independent temperature indica

compact hydraulic
PRICES FROM BELOW

MOTORISED MODEL
£4,000 C

SELF-CONTAINED

CIBA-GEIGY has the material to
satisfy the demands of modern
technology and reliability.

Araldite Laminating Resins

Arange of standard and upgraded electronics laminating resins to suit
your specific requirement either for Multilayer o rigid board
applications. Materials satisfy required international standards,
egNEMA, UL, MIL, BS etc

Probimer Photopolymers

PROBIMER 48 — for superior fine line inner layers with enhanced
performance.

PROBIMER 52 — epoxy performance, photographic accuracy, highly
automated production. Elegant solder masking now and for the future
Electronics and Microelectronics Products

A comprehensive international range of epoxy resin based products s
available for the protection of electronics and microelectronics devices
For further information on the above materials please contact our
Technical Sales Office on Cambridge 832121

~ CIBA-GEIGY
Araldite Electronics Systems
for positive protection &g

ined, ready for immediate use, bench or floor
. Telephone: 021-449 0193

mounted, neat al

Hand operated versions incorporate Moore's unique 2-speed
Gt. Brit;

hand jack, giving extreme ease in op
power unit, with adjustable pressure setting valve, control

valve, and unique

GEORGE E. MOORE & SON (B'HAM) LTD

222 Yardley Wood Road, Moseley, Birmingham B13 9HG,

powder compacting work, ceramics, and all types of R. & D. in

compression moulding and lami
with 8" sq to 18’ sq. 300°C platens. Water cooled.

20/26 and 40/60 ton hand operated and motorised ver:

A G E Nl Press for your
Some of the equipment included — heated

timer, high and low pressure gauges, swit

Motorised versions incorporate sma

Quick deliveries (some stock)

HAND OPERATED

PRICE FROM BELOW

£2,500 (8" x 8"

—CIBAGEIGY PLASTICS, DUXFORD, CAMBRIDGE CB2 4QA. TEL: CAMBRIDGE (0223) 832121—
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Specialists in fine,
dependable equipment for
Multilayers

Etch Back
Blackening
Cleaning of
flexible inner
layers

Fine Line
etching
(Bi-Etching
System)
Fine Line
Developing
(Omnidirec-
tional System)

Any other production
machine from the cutting
(Resco Roller Cutter) to
the final cleaning (Resco
Flux Remover)

RESCO, ltaly,
Via Massena 2/A, Milano

T

NUBAL MANUFACTURE
EQUIPMENT FOR:

Scrubbing. De-burring.

Drying — hi-speed and super
hi-speed. Rinse drying and
super rinse drying. Solder
levelling. Etching. Developing.
Dry film and ink stripping.
Re-circulating and filter systems.
Resist/film separators. Feeders.
Stackers. Fluxing. Roller
tinning. Chemical spray
processors for rigid, inner layers
and flex. Hi-pressure rinses.
Film area measurement. Flux
removal after reflow.

Vacuum cleaner prior to
screening

And our own range of circuit
board preparation brushes

If you require a machine that is
not listed for a conveyorised
bare board process, then we
can almost certainly offer a
suitable machine for your exact
requirements.

Tribune Drive,
Trinity Trading Estate,
Sittingbourne, Kent.

Tel: (0785) 77478
K Telex: 965286 /
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TOMORROW'’S
PCBS REQUIRE
RELIABLE
BASE MATERIALS

PERSTORP
—Your Technology Partner —
Offers:

GI 250 Polyimide Laminates
GE 313 Epoxy Laminates
Perform Multilayer System
UTC Thin Foil

CALL OR WRITE
TO LEARN MORE ABOUT
OUR WIDE PRODUCT RANGE.

@] Perstorp

PERSTORP FERGUSON LTD.
Aycliffe Ind. Estate

Newton Aycliffe

Co. Durham DL5 6EF

Phone (0325) 315141

L Telex 587214




X-Y TABLES

FOR MULTI-LAYER PRODUCTION

INSPECTION AND
MEASURING TABLE
For filmwork control. Also
suitable for printed circuit
boards and various 2 axis
measuring applications

MODIFICATION AND
REWORK TABLE

For multi-layer and high density
boards. Precise optics and
controls for track cutting etc on
inner layers.

AUTOMATIC OPTICAL
INSPECTION

X-Y table designed for CRS
system of inspecting layers
before lamination and other
auto-inspection work.

PACKMAN RESEARCH LIMITED

Willow Drive, Twyford, Berkshire RG10 9BB, England
Telephone: (0734) 341167, Telex: 847839 Pacres
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Does your
Electroless Copper
pass the SEL'REX test? \

< CoPPER TEST SE\—‘ REX '

L w c‘\'ROLES
oml b e
QUESTION

use give
copper You 2
1 o t\;\enelecuotess hs?er troe deposits ?
consiste! =
3 u pass the packlight test after i
an yo!
g\mu\es plaung7
e to procuce
ke you n start up?
mmed\a\ety ol
3 : [ bath have 2 wide tgadmg range
u
4 S)V(\)\te\saygons stenl p\ahng rate?
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e\ec(ro\ess copper produ

s your
5 Do Yvolume grovin?

production poards

HEETNOS.
B o TERNATIONAL TEST St

for you the user.

ANATIONAL (6.8) LIMITED
RS SHECHWATER, WOKING, SURREY GU21 3RS

Apply for the test today

m.vANYmsgrmc [TPREP 5540 RESULTS FOR MYSELF

NAME
COMPANY
ADDRESS
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r ; . j COATING
A Cookson Group Compariy Y o = s f THICKNESS ON

The World's leader in : ANY SHAPE
Research, manufacture ¥ a4 e wioxlomide markiots bk e
FISCHER range of thickness, porosity, material

and Supply Of 7‘ [ ) { ' ] testing and process control equipment.

f { ]* FISCHER'S instrumentation utilises the latest
SOLDERS FLUXES { - technical innovations plus full measurement
¥ ' ) J data processing to meet modern industrial
[ ! requirements. From the simplest of gauges to
A 1 the most sophisticated control instrumentation
FISCHER uses the latest internationally speci-
/ fied methods of:
for the Electronics Industry ~ W\ )/ X-RAY FLUGRESGENCE 150 3497
’ ) BETA BACKSCATTER 1SO 3543
EDDY CURRENT 1SO 2360

; 4| Gk ELECTROMAGNETIC INDUCTION  1SO 2178
TECHNICAL SERVICE i COULOMETRIC 10 2177

A complete technical advice service is available to
users of soft solders. With their background of
research and development in the Industry, Fry’s Metals
continue to be recognized as the authority for
all matters relating to the soldering processes for-

FRY’S METALS LTD p\ EJ

Tandem Works, Merton Abbey, London SW19 2PD. \ \ The photograph shows one of Fischer's latast developments: the Fischerscope X-fiay 1000
Telephone 01-648 7020. Telex 265732. Wrie, tolephons or telex for detals of the

Arnhem Road, Bone Lane Industrial Estate Newbury/Berks, England.

LEEDS, ROCHDALE, DUBLIN, ALTOONA (U.S.A.) N Telephone Newbury (0635) 45191 Telex: 849111 FIBRIT G

Branches at GLASGOW, KIDDERMINSTER, ¢ i FISCHER INSTRUMENTATION (GB) LTD

75



MULTILAYER PRESSES

Conventional

Laboratory

Presses to suit your needs

Hot/Cold Transfer
‘Conventional’ Multi-Layer PCB Laminating
Heat Sinks
Flexible Circuits
Flush Bonding
Hot/Cold Transfer Pre Laboratory
YOU deal DIRECT with US. We deal DIRECT with YOU.

We also manufacture MICROPROCESSOR controlled machines and complete
EXTRUSION lines for all types of WIRE AND CABLE including FIBRE OPTICS.

RN[eS Bradley & Turton Division,
smw Francis Shaw & Co. (Manchester) Ltd.,

P.0O. Box 12, Corbett Street,
Manchester M11 4BB, England
Tel: 061-223 1313. Telex: 667057.

A Member of the EIS Group
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QUALITY MACHINES
MATERIALS AND TOOLS
FOR MULTILAYER
PRODUCTION

*Howe Industries Inc. - High temperature laminates.
Polyimide glass laminate and prepreg
Polyimide Kevlar* laminate and prepreg
Polyimide Quartz laminate
Polyimide Invar** laminate
Modified Epoxy laminate

*Advanced Controls - Drilling Machines, designed
forand with special software for multilayer drilling.
Automatic measuring machines and programming units.

*L,C.OA. - 3003 Foilboard. Drill entry and
backup systems, a must for multilayer drilling.

*Kemmer - Solid Tungsten Carbide Drills & Routers.
Special multilayer drills.

*Keene, Chase Foster Div. - Press pad silicone
glass materials.

*Services - Subcontract programming and drilling,
panel cutting and drill regrinding.

..., Holders
Technology

AHOLDESS GROUP COMPANY

HOLDERS TECHNOLOGY LIMITED

108 RIPON WAY, BOREHAMWOOD,
HERTFORDSHIRE WD6 2HZ.

TELEPHONE: 01-953-4313 TELEX 892996 HOLMAR

* TM Dupont Cc

77





